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ABSTRACT 
The North 0' Aguilar Block (NOB) is part of an accretionary terrane within the southeast Queensland 
section of the New England Orogen (NEO), in which deeply subducted elements of the complex are 
locally juxtaposed against against higher level accretionary rocks. The structural framework of the terrane 
is controlled by two major low angle faults, the Mt Mia detachment fault and the Claddagh Thrust (Little 
eta/., I 992). Metamorphic units are classified with respect to their position above or below the Mt Mia 
Fault, as 'upper' plate or 'lower' plate units. Upper plate rocks are lower greenschist facies, with a single, 
steep, slaty cleavage. Lower plate units are higher grade, including epidote-blueschist and greenschist 
facies schists, with polydeformed fabrics. This fault framework, which was established in the northern 
part of the block (Little eta/., 1992), can be traced southward to an east-west trending belt of Permian and 
Triassic rocks in the central NOB. 
The three fault-bounded metamorphic units to the south of this belt are not continuous with the northern 
units, and are ambiguous in their regional correlation. The Peters Creek Greenstone (new unit name) 
comprises polydeformed greenstones with relict augite, and is correlated with the lower plate Rocksberg 
Greenstone of the southern NOB. The Booloumba Beds (redefined unit name) contain low grade, 
slate/metasandstones with a single, steep, slaty cleavage typical of upper plate assemblages, and are 
correlated with the Amamoor Beds. The Jimna Phyllite is more ambiguous, as it contains low grade rocks 
typical of upper plate assemblages, but also a cryptic sub horizontal crenulation. The unit is tentatively 
interpreted as an upper plate unit, with a subhorizontal crenulation related to imbricate thrusting. 
A regional survey of white mica crystallinity and b0 spacings in both North and South 0' Aguil!lr Blocks, 
highlights small differences in metamorphic grade between units, and the results support the correlation 
presented here. Metamorphism inferred from the survey is upper anchizonal to lower epizonal, with 
pressures comparable to intermediate pressure terranes, such as the Otago Schist in New Zealand. 
The nature of the boundaries between the metamorphic units is complex. Both the Mt Mia detachment 
and the Claddagh Thrust are exposed north of the Permian-Triassic belt of rocks, but cannot be traced 
further south. However, steep faults bounding the Peters Creek Greenstone are interpreted as normal fault 
splays off the Mt Mia Fault. Thrust faults emplacing a Permian sedimentary succession, and stacking the 
Jimna Phyllite internally, are probably imbricate faults to the Claddagh Thrust. A series of north­
northwest trending steep faults preserve a history of probable Late Permian normal and strike-slip 
movement, and post-Late Triassic normal and sinistral offsets. One of these faults emplaces cleaved 
Permian rocks against the central NOB, and is inferred to have a large strike-slip component. A north­
south trending set of normal faults occurs at regular intervals throughout the NOB and is of probable 
Middle Triassic age. 
Two suites of granitoids with contrasting composition, age and structural history intrude the central NOB. 
The older suite is Late Carboniferous in age (-320-306Ma), and is exposed within the allochthonous sheet 
of the Claddagh Thrust. It consists of several texturally distinct phases of synkinematically deformed, 
biotite-rich, granodiorite. An early, strongly foliated, phase occurs as coherent exposures and as xenoliths 
within later, less deformed phases. Biotite is the main accessory observed, except in one less deformed 
phase which also contains hornblende. Polydeformed amphibolite to greenschist facies contact aureoles 
are preserved structurally below the plutons. An increase in intensity and complexity of deformation 
toward the lower part of the intrusion, an associated shallowing of fabrics, and the synkinematic character 
of the fabrics are compatible with intrusion into an active subhorizontal shear zone, which is interpreted to 
be the Mt Mia Fault. The younger granitoid suite is Late Permian to Triassic in age (-253-220Ma), 
undeformed, and dominated by homogenous hornblende-rich granodiorite. The sharp intrusive 
boundaries, well developed contact aureoles, and undisturbed host rocks suggest non-forceful 
emplacement into cold, high-level crust. Triassic andesitic volcanics (-230-240Ma) are probable volcanic 
equivalents of this suite. Whole rock geochemistry of both suites and volcanics shows calc-alkaline 
affinities and is compatible with a volcanic arc setting. Both suites are essentially 1-type, however the 
Late Carboniferous suite shows marginal S-type character. 
xii 
The metamorphic basement rocks of the central NDB contain fault-bounded greenstone units, that are now 
strongly foliated actinolite-chlorite schists. Whole rock, and clinopyroxene, geochemical data suggest a 
common proto lith for all greenstone units and tholeiitic compositions typical of mid-ocean ridge basalts. 
The greenstone units are interpreted as ophiolitic fragments that were offscraped from oceanic crust 
during subduction and underplated into the accretionary wedge. Pillow basalts associated with Radiolaria­
bearing cherts occur in one upper plate unit, indicating a deep marine environment of deposition and a 
possible oceanic-plate origin for that unit. Ultramafic rocks occur as a large sheet of serpentinite-matrix 
melange in the lower plate of the Mt Mia Fault, and in a small fault sliver of massive peridotite near Mt 
Mee. The melange consists of blocks of serpentinised peridotite and minor gabbro, and mafic and pelitic 
rocks of contrasting metamorphic grades and structural complexity, including epidote-blueschist facies 
rocks, in a sheared serpentinite matrix. CIPW-norms indicate a dominantly harzburgitic protolith for the 
matrix, and trace element compositions are compatible with a mature oceanic plate setting. The melange 
is interpreted to represent a flow-melange channel that formed above the subducting plate during the 
mature stages of subduction. Tectonic erosion of various levels of the accretionary wedge accounts for 
the mixture of blocks. The coherent serpentinite unit near Mt Mee is interpreted as a slice off the base of 
the overriding plate that became intercalated with underplating greenstone units and was accreted deep in 
the accretionary prism. 
Four isolated blocks of highly immature Early Permian marine strata occur within or adjacent to the 
central NDB. The Marumba Beds are exposed within a thrust sheet on the western flank of the block, and 
comprise a succession of massive lithic sandstone, siltstone, matrix-supported pebble to cobble 
conglomerate and minor basaltic volcanics. Their age is constrained by poorly preserved marine 
macrofossils and the intrusion of the Monsildale Granodiorite at -253Ma. The Kandanga Creek 
Megabreccia (new unit name) is a small, unfossiliferous fault-bounded block containing extremely coarse 
clasts of rock types identical to an basement adjacent unit, suggesting local derivation below an active 
fault scarp. To the east of the central NDB the Cambroon Beds are a new unit defined as the Permian part 
of the Amamoor Beds. They consist of argillite, locally calcareous greywacke, pebble conglomerate and 
massive basalt, and are the only Permian unit that contains a pervasive slaty cleavage. The Cedarton 
Volcanics, a unit of strongly altered basaltic volcanics and volcaniclastics is correlated with the Cambroon 
Beds. The Early Permian age for both units is constrained by marine macrofossil and Radiolaria 
assemblages. The interpreted marine depositional environment for all the Early Permian units is one of 
steep unstable slopes, with abundant debris flows and turbidites. Their provenance is a major bimodal 
volcanic source with marginal within-plate to oceanic geochemical signature, and to a lesser extent the 
upper plate rocks of the exhuming basement complex. Lower plate rocks, such as polydeformed schist or 
serpentinite, are completely absent from the Early Permian units, demonstrating the partial exhumation of 
the core complex at this time. The Early Permian tectonic environment of the NEO is one of widespread 
extension and/or strike slip faulting, with both rift and pull-apart basin development. The formation of the 
Early Permian basins adjacent to the NDB are correlated with this event, but the relative involvement of 
rift and wrench components in their formation is uncertain. 
The Late Palaeozoic tectonic evolution of southeastern Queensland comprises two major subduction 
cycles with an intermittent phase of extension. Late Devonian to Early Carboniferous subduction 
operated along an Andean style convergent margin, forming a major accretionary complex, now partly 
preserved in the NOB. During early stages of subduction some rocks were underplated and accreted to 
the base of the prism, where they were metamorphosed to epidote-blueschist facies. Others were scraped 
off the oceanic plate and included in upper levels of the prism. A serpentinite-matrix flow-melange 
channel formed above the downgoing plate, associated with tectonic erosion and mixing of rocks from all 
levels of the overlying accretionary complex. During the Late Carboniferous the tectonic environment 
shifted to one dominated by core-complex extension, exhuming epidote-blueschist facies rocks, 
�ynkinematic with m
_
ildly 
_
S-type granitoid intrusions. Early Permian subduction to the east of the Gym pie 
Island arc accompamed widespread block-faulting extension in the back-arc, and deposition of marine 
diamictite-bearing basins. A widespread thusting event (Hunter-Bowen orogeny) during the Late 
Permian, emplaced some of these Permian rocks, as well as Carboniferous granitoids, over the NOB. Two 
p�st-metamorphic episodes of folding and strike-slip faulting occurred during the Triassic, concurrent 
With major !-type granitoid magmatism and andesitic volcanism. 
CHAPTER I 
INTRODUCTION 
The New England Orogen (NEO) in southern Queensland preserves elements of a 
Devonian-Carboniferous continental margin accretionary complex (Day et al., 1978). 
These elements are now contained in narrow, northwest trending strips of variably 
deformed metamorphic terranes, such as the Beenleigh, D' Aguilar and Yarraman 
Blocks, which alternate with younger sedimentary terranes, such as the Esk Trough, 
Gym pie Group and Maryborough Basin (Figure 1.1 ). The correlation, age, internal 
structure and tectonic setting of the metamorphic terranes, and some of the younger 
rocks on the eastern flanks of the complex, have long been problematical (Murray, 
1987). 
The main controversy has revolved around the interpretation of variably deformed 
sediments and volcanics of Permian and Triassic age near Gympie, which did not seem 
to fit within the overall pattern of the NEO, and are sometimes referred to as the 
Gympie Province (e.g. Day et al., 1978). These rocks have been subjected to various 
tectonic interpretations, mostly based on older regional data, or detailed studies of the 
volcanic rocks within the Gympie Group (e.g. Harrington, 1983). With the concept of 
tectono-stratigraphic terranes being applied to other parts of the NEO, the Gympie 
Province has been interpreted as a suspect or exotic terrane, and compared to parts of 
the Rangitara Orogen ofNew Zealand (e.g. Harrington and Korsch, 1985a; Waterhouse 
and Sivell, 1987a, b; Sivell et al., 1990). Other interpretations tentatively include the 
adjacent North D' Aguilar Block in the Gym pie Province (Murray et al., 1987). 
However, the main problem in all interpretations is the position of the western boundary 
of the Gympie Province with the North D' Aguilar Block and the nature of that block. 
The North D' Aguilar Block (NDB) is a loosely defined term that refers to basement 
units that include low grade chert-argillite sequences and minor pillow basalts, as well 
as blocks of high P/T rocks including epidote-blueschist facies metasediments and mafic 
metavolcanics, and a number of major serpentinite bodies. Permian fault blocks occur 
within and adjacent to the block. The assemblage is intruded by numerous granitoids of 
Late Carboniferous to Late Triassic age, and overlain by Triassic volcanics and 
sediments. Major greywacke assemblages typical of most of the adjacent accretionary 
terranes are conspicuously absent, while mafic volcanics and volcaniclastics are 
unusually prominent, and these factors have been mainly responsible for the 
uncertainties in the regional correlation. 
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In 1985 the Bureau of Mineral Resources shot a deep seismic reflection profile across 
the Ipswich and Clarence-Moreton Basins (Figure 1.2), revealing a thick, layered 
sequence of strong reflectors below the transparent Beenleigh and North D'Aguilar 
Blocks (Johnstone eta/., 1985; Korsch eta/., 1986). The boundary between this layered 
sequence and the overlying metamorphic blocks forms a dome dipping shallowly to the 
east and west. Although the layered sequence was interpreted as a thrust stack, 
underthrusting the South D'Aguilar Block and overridden by the exotic Beenleigh 
terrane during the Triassic (O'Brien eta/., 1990), this seemed an unsatisfactory 
explanation with little field evidence to support it (Murray and Lohe, 1989). 
Thus the NDB project was formed with an original aim to develop a tectonic transect of 
the region in order to interpret the deep seismic profile and to shed light on the nature of 
the western margin of the Gympie Province. The presence of blue amphibole-bearing 
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Introduction 
metamorphic rocks in parts of the block added further interest, as the processes by 
which these potentially high P/T assemblages are preserved form an important problem 
in the evolution of the subduction complex. 
The NDB project is centred around three field study areas in the northern, southern and 
central part of the block, mapped by T.A.Little, R.J.Holcombe and this study 
respectively (Figure 1.3). Other researchers dealt with more specialised aspects of the 
geology within, and adjacent to, these mapping areas. They include: C.F.Fielding, 
C.J.Stephens, S.K.Dobos (University of Queensland) and G.M.Gibson (University 
College of Southern Queensland). Supportive work on detailed aspects of the project is 
contained in several honours and postgraduate diploma projects: L.Marcault, J.Ham 
(blueschist, Mt Mee), A.Fifoot (radiolarian palaeontology, Arnamoor Beds), C.Roberts, 
J.Oram (serpentinite, Kilkivan) and Z.Casley (environmental study, Agricola Mine). 
The first stage of the NDB project showed that the block consists of a collage of fault 
blocks in which deeply subducted elements of the complex are locally juxtaposed 
against higher level accretionary rocks. The major structural controls on this 
juxtaposition are a gently arched normal fault, and a low angle thrust fault (Little eta/., 
1992). The normal fault is interpreted as a detachment surface, exhuming 
polymetamorphic rocks in its lower plate, some containing epidote-blueschist facies 
assemblages (e.g. Holcombe and Little, 1994). The thrust fault further imbricates the 
structure, and exposes Late Carboniferous S-type granitoids that contain fabrics 
syntectonic with the detachment deformation (Little eta/., 1992). Both of these faults 
are defined in the northern NDB where footwall-hangingwall relationships are well 
exposed and metamorphic discontinuities are clearly defined. Both faults can be traced 
southward into the central NDB where their traces are interrupted by Triassic plutons 
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4 Chapter I 
and Early Permian basins. Regional correlation and interpretation of isolated fault 
blocks to the south of these Permian and Triassic bodies is problematic. Hence a major 
aim of this thesis is to develop a tectonostratigraphic interpretation for the central NDB, 
which includes the interpretation of new mapping data in the light of the evolving model 
in the other parts of the block 
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Figure 1.3 Simplified geology of the New England Orogen in southeast Queensland. The map shows 
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At least four small, isolated fault blocks of Early Permian marine strata occur within and 
adjacent to the central NDB. Typically, these basins contain highly immature 
volcanolithic diamictite sequences with detritus derived both from the exhumed 
subduction complex rocks, and from a substantial andesitic volcanic source. The Early 
Permian age of the basins is constrained by macrofossil and Radiolarian data. 
Geochronologic and structural studies of the exhumation history of the metamorphic 
rocks (Little et al., 1993} indicate that extensional unroofing of deeply subducted 
epidote-blueschist facies rocks began at -307Ma in the Late Carboniferous. The age of 
exhumation through the -330°C argon blocking temperature of white mica in the 
metamorphic complex occurs in two events, at -300Ma and at -260Ma (latest Early 
Permian). This implies that the formation of the Early Permian basins is superimposed 
on the exhumation history of the basement rocks. A further aim of this study is to 
interpret the development of the Permian basins within the context of the evolving 
exhumation history of the basement rocks. 
This thesis presents new mapping within the central part of the NDB. The definition 
and correlation of tectonostratigraphic units and the nature of the boundaries 
juxtaposing them is a major topic discussed. A thrusting event recognised by Little et 
al. {1992) in the northern NDB is extrapolated south, and is interpreted to be responsible 
for em placing Permian sedimentary rocks over the central NDB, and for the internal 
stacking of one of the accretionary units. Steep fault segments in the study area are 
correlated with major fault systems, such as the North Pine and Bracalba Faults, and 
now confine the east-west extent of the block. Chapters 5 and 6 will discuss the nature 
of ophiolitic and magmatic elements exposed within the NDB. Chapter 7 will give a 
detailed description of the Permian diamictites, and a discussion of the comparison with 
similar basins in the New England Orogen. Finally, Chapter 8 presents a time-space 
plot and model for the Devonian to Early Triassic tectonic evolution of southeast 
Queensland on the basis of a comprehensive collation of available dating information 
and the new knowledge gained from the North D'Aguilar Block project. 
FIELD STUDY AREA 
The section of the NDB chosen for the field mapping study is located in the densely 
forested, rugged hills west of the Sunshine Coast of southeast Queensland, 
approximately 150km north-northwest of Brisbane (Figure 1.4}. Access to the region is 
best via Kilcoy and the Kilcoy-Murgon Road to Jimna, or alternatively via Kenilworth 
and Sunday Creek Road to Jimna. Once in the field study area, numerous state forest 
roads and logging tracks, as well as some private roads, provide good access to most 
locations. However, care has to be taken during periods of wet weather, as the roads in 
the region are unsurfaced and may become impassable. 
The core of the study area, the Conondale Ranges, form a rugged plateau of 400-600m 
elevation between the headwaters of the Brisbane and Mary Rivers. It lies mostly 
within State Forest (Jimna, Kenilworth and Gallangowan offices), and its main 
vegetation types are wet and dry sclerophyll forest with extensive pockets of rainforest 
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(e.g. Conondale Range National Park). The only cleared country belongs to deer and 
cattle stations, loosely confined to the outcrop area of granitoid intrusions. To the east, 
the plateau is cut by the deep gorges of the Booloumba, Summer, Yabba and Kandanga 
Creek systems, and drops away steeply to the hilly farming country of the Sunshine 
Coast hinterland. These large creek systems and their tributaries are the major source of 
outcrop, and sites for most of the detailed mapping. To the east of Jimna and north of 
Gallangowan, the country is less rugged and opens up to cattle grazing properties, with 
good outcrop.along most creek sections. 
The region bounding areas of more detailed field mapping covers approximately 
3000km2 on the Nambour, Nanango, Gympie and Goomeri 1:100,000 scale topographic 
maps. Field mapping was recorded on the most detailed topographic basemaps 
available (Table 1.1), and then compiled at 1:25,000 scale. A 1:100,000 scale 
interpretation map, which compiles all the mapping from the NDB project is included in 
the back pocket of this thesis. 
Note: All references to geographic locations in this thesis use the Australian Metric 
Grid system. The co-ordinates are quoted by the first three of the last five digits of the 
full eastings and northings. For example the full reference for the field location 
RSGY0868 is 4ill58mE, 70�3mN. Here it would be quoted as #458654 and is 
precise to the nearest 1OOm. 
Study 
Area 
N 
A 15km 
Figure 1.4 Location and access of study area. 
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Table 1.1 Topographic base maps used for field mapping. 
I: I 00,000 Sheet 
9444 Nambour 
9344 Nanango 
9345 Goomeri 
9445 Gympie 
Scale 
1:1 0,000 
1:25,000 
I :5 0,000 (enlarged to I :25,000) 
1:5 0,000 
Map type 
orthophoto 
orthophoto 
topographic 
topographic 
Map Numbers 
331,334,341,343,344,431,432, 
433,434,441,442,443,444 
9344-11 Yabba 
9344-12 Jimna 
9344-13 Mt Monsildale 
9344-14 Diaper Mount 
9344-21 Yednia 
9345-2 Manumbar 
9445-3 lmbil 
PREVIOUS INVESTIGATIONS IN THE CENTRAL NDB 
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The most recent systematic geological mapping of the central and northern NDB is 
contained in the Gym pie 1 :250,000 regional geology sheet and its accompanying report 
by Murphy et al. (1976). This report includes a comprehensive compilation of work in 
the region up to 1976, including early work by Aplin (1870) and Jack and Etheridge 
(1892); and thesis work by students of the University of Queensland and the Queensland 
Institute of Technology. More recent papers updating this regional mapping, and 
reinterpreting the basement block stratigraphy, are contained in Murray et al. (1979) and 
Scott et al. (1990, 1991 ). 
Due to the rugged terrane, difficult access, and lack of major economic interest, little 
geological mapping was carried out on the central NDB until the 1950's. Exceptions are 
regional reports by Denmead (1928), Bryan (1929) and Bryan and Jones (1950). Local 
aspects of the geology were investigated by students of the University of Queensland in 
the form of postgraduate theses. Those most important to this study are Bums (1951 ), 
McLeod (1954), McNaughton (1973), Mathews (1952, 1955), Murray (1964), 
Palethorpe (1972), Spark (1966) and Wilkinson (1951 ). Figure 1.5 shows the location 
and extent of these studies. Minor economic interest in gold and base metals led to the 
surveying and mapping of the Booloumba and Peters Creeks (Ridgeway, 1934), Mines 
Department reports on prospects in the Yabba Creek area (Shepherd, 1934; Brooks, 
1961 ), a small Mines Department drilling project near Monsildale (Brooks, 1971 ), and a 
short paper on the Agricola Gold Mine (Jones, 1987). Interest in the Conondale Range 
region was rekindled with the discovery of Permian macrofossils near Kenilworth 
(Murray et a!., 1979) and of Early Carboniferous and Permian Radiolaria (Ishiga, 1990) 
on the eastern flanks of the ranges. 
As the NDB project developed, a flood of new information became available, leading to 
a completely new interpretation of the structure and evolution of the block. Work 
focused on the timing and kinematics of the unroofing of epidote-blueschist facies rocks 
within the northern and southern sections of the NDB, and the interpretation of the fault­
bounded units dominating the central NDB. The following is a list of papers associated 
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with this project: Dobos et al. (1993), Gibson et al. (1990), Holcombe and Little (1993, 
1994), Holcombe et al. (1990, 1993), Little (in prep), Little et al. (1991, 1992, 1993a, 
1993b, in prep.), Sliwa et al. (1993a, 1993b). Concurrent with the present study, several 
post-graduate students at the University of Queensland and the Queensland University 
of Technology, have been working on local projects within the central NDB (Fifoot, 
1993; Casley, 1993; Kwiecen, in prep.). 
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Figure 1.5 Previous mapping in the central North D'Aguilar Block. 
CHAPTER2 
A REVIEW OF THE REGIONAL 
GEOLOGY OF SOUTHEAST 
QUEENSLAND 
INTRODUCTION 
The geology of eastern Australia preserves elements of a large, Devon ian-Carboniferous 
subduction-accretion complex, superimposed by Permian marine basins, Late Triassic 
and younger continental basins, and major Permian-Triassic granitoid plutons. The 
basement rocks associated with the subduction-accretion complex are collectively 
referred to as the New England Orogen (Day eta/., 1978). The New England Orogen 
extends for over 1500km in length and up to 400km in width along the eastern seaboard 
of Australia, and is divided into northern and southern sections by the Mesozoic 
Clarence-Moreton Basin. It is interpreted as an evolving Andean-style subduction­
accretion complex of Late Devonian to Middle Carboniferous age. The tectonic 
elements composing this complex are now contained in long, discontinuous, north-south 
trending belts, preserving from west to east (Murray eta/., 1987): backarc basin 
(Drummond Basin); magmatic and volcanic arcs (Connors-Auburn Arch); forearc 
basin (Yarrol Block); and a large accretionary wedge eomplex (Wandilla slope and 
basin; cj Figure 1.1 ). The terranes of southeast Queensland, reviewed in this chapter, 
are all part of the accretionary complex. However, within these terranes rocks from 
various structural levels within the complex are exposed, including epidote-blueschist 
facies rocks (e.g. Holcombe and Little, 1994). 
TECTONOSTRATIGRAPHIC ELEMENTS 
Accretionary Terranes 
Devonian-Carboniferous accretionary rocks in southeast Queensland occur in five north­
northwest trending terranes, juxtaposed by large steep fault systems, such as the Great 
Moreton and North Pine Faults, or bounded by onlapping Mesozoic sedimentary basins 
(Figure 2.1 ). These terranes are the North and South D' Aguilar Blocks, Beenleigh 
Block, Yarraman Block, and the Amamoor Beds. Monotonous lithologies, and a lack of 
age determinations (until recently) within these terranes, have led to various 
interpretations and correlations of the rock units within these blocks. 
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Denmead (1928), one of the early workers in the Brisbane region, recognised a series of 
schists, phyllites and greenstones, which he named the Neranleigh, Femvale, Bunya and 
Greenstone Series, and assigned a Precambrian age to them (Figure 2.2). Bryan and 
Jones (1950) regrouped these series into t1\e Palaeozoic Neranleigh-Femvale Group, 
Bunya Phyllite and Rocks berg Greenstone. This interpretation was adopted by Murphy 
eta/. (1976) and Cranfield eta/. (1976), who applied it to rocks of the Beenleigh and 
D'Aguilar Blocks as far north as Jimna, however they mapped similar rocks further 
north as undifferentiated Palaeozoic. With recognition of the North Pine Fault as a 
major structural boundary, separating the North and South D'Aguilar Blocks, a new 
interpretation became necessary (Murphy et al., 1979). The Neranleigh-Femvale Beds 
and Bunya Phyllite are now restricted to the Beenleigh and South D'Aguilar Blocks, 
while in the NDB two new units were introduced, the Booloumba Beds (Murray eta/., 
1979) and Kurwongbah Beds (Murphy et al., 1979). 
South D'Aguilar and Beenleigh Blocks 
Both the South D'Aguilar and Beenleigh Blocks are typical ofNEO accretionary 
terranes in Queensland (Wandilla slope and basin) and New South Wales (Wooloomin 
slope and basin). Both terranes are dominated by simply deformed greywackes and 
chert. Only a narrow strip of Triassic sediments separates the two blocks, and Murray 
(1988b) interprets both as the exposed parts of a single terrane. 
The South D'Aguilar Block is juxtaposed against the NDB by the North Pine Fault. It 
comprises two tectonostratigraphic units, the Bunya Phyllite and Neranleigh-Femvale 
Beds. The Bunya Phyllite is a monotonous series of thinly laminated cherts and 
phyllites dominated by a well developed crenulation cleavage and abundant small scale 
quartz veins. Metamorphism is to lower greenschist facies (quartz-albite-muscovite­
chlorite). The Neranleigh-Femvale Beds are more diverse in their lithologies, 
consisting of chert, siltstone, arenite and minor mafic volcanics, and contain a single 
slaty cleavage parallel to lithological layering (Holcombe, 1977). The unit contains 
marine invertebrates and Radiolaria of Late Devonian to Early Carboniferous age 
(Fleming eta/., 1974; Aitchison, 1988a). The macroscopic geometry of the block and 
the relationship of the two tectonostratigraphic units was discussed in detail by 
Holcombe (1977), who interpreted the Bunya Phyllite as a unit stratigraphically within, 
or below, the Neranleigh-Femvale Beds, which focused a second generation 
deformation, and is now exposed in the core of a map-scale antiformal flexure 
associated with a third generation of deformation. 
The Beenleigh Block is a metamorphic basement block exposed between the coastline 
and the onlapping Mesozoic Clarence-Moreton Basin to the south of the South 
D'Aguilar Block. The block consists entirely ofNeranleigh-Femvale Beds, and 
Permian-Triassic intrusives, abundant further north, are not exposed. The Neranleigh­
Femvale Beds consist mainly of quartzo-feldspathic greywacke, conglomerate, shale 
' 
chert and jasper and basaltic volcanic units. Lohe (1980) interprets the Neranleigh-
Femvale Beds in terms of a large, single, deep-sea fan system, with an inner fan 
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Figure 2.1 Simplified geological compilation map of southeast Queensland, showing the tectonostratigraphic 
elements reviewed in this chapter. 
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Figure 2.2 Previous correlation schemes for tectonostratigraphic units in the D'Aguilar Blocks. 
association (coarse, thickly bedded greywacke and conglomerate), a channelized supra­
fan association (sandstone and interbedded shale) and outer depositional lobes of the 
mid-fan (thinly bedded sandstone-shale alternations). Outer fan deposits (thinly bedded 
shale, siltstone, minor sandstone and chert) occur at the northern end of the block. 
Sediment transport was from the west. Basaltic volcanics are interbedded with the 
Neranleigh-Fernvale Beds, and contain pillow structures indicating submarine 
extrusion. Their geochemistry indicates tholeiitic composition with ocean-floor 
affinities (Lohe, 1980). 
Deformation in the Beenleigh Block is typical of low grade accretionary assemblages of 
the NEO. A pervasive slaty cleavage is present in the finer grained rocks, and is axial 
planar to tight to isoclinal mesoscopic folding. This deformation dips steeply to the 
west, and is overprinted by open macroscopic folding with an axial planar crenulation 
cleavage that dips east and strikes north-northwest. The rocks are metamorphosed to 
lower greenschist facies, containing phengite, stilpnomelane, actinolite, epidote, 
chlorite, calcite, albite and sphene. Pressure-temperature conditions are estimated at 2-
3.5kb and 350-450oC (Lohe, 1980). 
Yarraman Block 
The Yarraman Block is a metamorphic terrane faulted against the Lower Triassic Esk 
Trough and Permian Cress brook Creek Group in the east, and onlapped by the Great 
Artesian Basin in the west. The geology of this area is not well understood due to poor 
exposure, strong contact metamorphism associated with Permian-Triassic intrusions, 
and extensive Tertiary volcanic cover. The metamorphic rocks largely consist of slate, 
14 Chapter 2 
quartz-mica schist (SugarloafMetamorphics) and chert, mudstone, slate, greywacke, 
phyllite, basalt (Maronghi Creek Beds). These rocks are generally correlated with the 
Neranleigh-Fernvale Beds and Curtis Island Group (e.g. Murphy et al., 1976), but 
Murray (1987) regards this as a gross oversimplification. He includes a strongly 
deformed limestone-mafic volcanic succession near Murgon, which contains Middle 
Carboniferous conodonts, in the Yarraman Block and tentatively assigns a Middle 
Carboniferous age to the block. He also points out that the Yarraman Block, as mapped 
to date, includes Permian and Triassic rocks that should be correlated with the 
Cressbrook Creek Group and Esk Trough respectively. 
North D'Aguilar Block 
The NDB is the major focus of this study, and is reviewed in a separate section toward 
the end of this chapter. It is the northernmost of the accretionary terranes discussed 
here. It is positioned between the Esk Trough to the west and the Amamoor Beds to the 
east. In the south it is separated from the South D' Aguilar Block by the South Pine 
Fault. The block is dominated by low grade, simply deformed, slates and metabasalts, 
and multiply deformed pelitic and mafic schists. The major difference to the other 
accretionary terranes in southeast Queensland is the presence of high PIT metamorphic 
rocks (i.e. epidote-blueschist facies schist), and foliated, synkinematic granodiorites. 
Deformation in the NDB varies from a single steep slaty cleavage in low grade, pelitic 
schists to an intense crenulation cleavage and mylonitic fabrics. The peak metamorphic 
conditions during the earlier deformation produced epidote-blueschist facies 
assemblages, and were followed by a greenschist facies overprint associated with the 
crenulation fabric (e.g. Holcombe and Little, 1994). Later, mostly post-metamorphic 
deformation produced open, map-scale folds. 
Amamoor Beds 
The Amamoor Beds are a fault-bounded, composite unit ofDevonian-Carboniferous 
and Permian rocks. Their eastern extent was originally defined to exclude a sequence of 
interbedded sandstone-argillites, mapped as undivided Gym pie Group (Murphy et al., 
1976). However Devonian-Carboniferous Radiolaria were found in this sequence 
(lshiga, 1990), which was subsequently assigned to the Amamoor Beds (Scott and 
Cranfield, 1993). The Gympie Group is now confined to the Permian rocks near 
Gym pie. Permian marine macrofossils (Murray eta/., 1979) and Radiolaria (Ishiga, 
1990) have been found only in the southern part of the unit, which will be defined as a 
new unit, the Cambroon Beds, in this study. 
The Amamoor Beds consist of three subunits, broadly based on lithologies (Scott et al., 
1991): chert, red pelitic metasediments and mafic volcanics; interbedded shale and 
siliceous arenite; and monotonous slate with minor chert lenses. Deformation ranges 
from a pervasive slaty cleavage in the slates of the western part of the unit, to open 
mesoscopic folding with an axial planar cleavage developed in the finer grained 
lithologies within the interbedded subunit in the east. Metamorphism is lower 
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greenschist facies. The rock types, deformational style, and the presence of Radiolaria 
suggest that the Amamoor Beds formed in a deep marine environment of deposition, 
and are part of the Devonian-Carboniferous accretionary complex. 
Permian Marine Basins 
Marumba Beds 
15 
A small block of immature, volcanic-derived sediments is exposed within and on the 
western flank of the NDB, adjacent to the Esk Trough. As this study will show 
(Chapter 7), the boundaries of the unit are faulted. The Marumba Beds consist of highly 
immature volcanolithic conglomerates, arenite, mudstone and minor andesitic volcanics. 
Several Permian and Triassic granitoids intrude the Marumba Beds, one of which, the 
Monsildale Granodiorite, provides an upper age constraint for deposition of -253Ma 
(Murphy et al., 1976; confirmed by this study). The presence of crinoid fragments in 
two drillholes suggests a shallow marine environment of deposition (Brooks, 1971 ). 
The internal structure of the unit is not well known, but folding produced moderate to 
steep bedding dips. 
Deep seismic reflection profiling across the Clarence-Moreton basin revealed a seismic 
sequence of reflectors below the subsurface Esk Trough (Figure 2.3), which were 
interpreted as rift sediments (O'Brien eta/., 1990). This sequence is possibly �n 
equivalent of the Marumba Beds, and suggests a maximum structural thickness of 3km 
for the unit. 
Camb roon Beds and Cedarton Volcanics 
The Cambroon Beds is a new name given in this study to the Permian component of the 
Amamoor Beds, and consists of a thick succession of marine sediments that occurs 
along the faulted eastern margin of the NDB. The unit consists of argillite, locally 
calcareous greywacke, pebble conglomerate and pebbly sandstone, haematitic siltstone, 
and minor basaltic to andesitic volcanics. These volcanics have lately been interpreted 
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Figure 2.3 Unmigrated seismic reflection profile across the Clarence-Moreton Basin, showing the 
subsurface Esk Trough and possible Marumba Beds equivalents (from O'Brien eta/., 1990). 
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as having backarc-basin character (Sivell and McCulloch, 1993). It contains a well 
developed slaty cleavage, locally with polydeformational fabrics. The steep slaty 
cleavage trends north-northwest parallel to bedding which is commonly poorly defined. 
The age of the Cambroon Beds is constrained by the occurrence of Early Permian 
marine macrofossils (Murray et al., 1979) at two localities, and confirmed by a further 
locality yielding Permian Radiolaria consistent with an Early Permian age (Ishiga, 
1990). 
The Cedarton Volcanics occur immediately south of the Cambroon Beds, separated only 
by a thin strip of Tertiary basalt, and are probably equivalent to that unit (Murphy et al., 
1976). This unit consists of a series of coarse volcaniclastic sediments and andesitic 
lavas, that are strongly altered to an epidote-chlorite assemblage. Bedding is poorly 
defined but, where observed, is steeply dipping (Holcombe, pers.comm.). Marine 
invertebrate fossils suggest a marine shelf environment of deposition, and an Early 
Permian age (Murphy et al., 1976). 
Northbrook Beds and Cress brook Creek Group 
The Northbrook Beds and Cressbrook Creek Group are exposed between the Esk 
Trough and adjacent metamorphic blocks at the southern end of the basin. Although 
these two units have previously been correlated with the Marumba Beds, due to their 
similar structural position and supposedly similar lithologies (Murphy eta/., 1976), it 
will be shown (Chapter 7) that these units contrast strongly in lithologies, depositional 
environment, and age with the Marumba Beds. 
The Cressbrook Creek Group occurs as a fault-bounded unit between the southwestern 
border of the Esk Trough and the Yarraman Block. It consists of chert, mudstone, 
arenite, conglomerate, interbedded rhyolite and pyroclastics, crinoidal limestone, and 
minor andesitic volcanics, that probably accumulated in a marine shelf, to near shore, 
environment. Abundant marine invertebrates suggest a Late Permian age for the unit 
(e.g. Briggs, 1993). The unit is folded into macroscopic folds along east-southeast 
trending fold axes, producing moderate to steep bedding dips. 
The Northbrook Beds occupy a similar fault-bounded position along the eastern margin of 
the Esk Trough, adjacent to the South D'Aguilar block. Recent mapping by 
R.J.Holcombe, C.R.Fielding and S.E.Bryan (Sliwa et al., 1993a) has revealed two 
subunits: a felsic volcanic sedimentary succession, followed by a clastic sedimentary 
succession with little evidence of direct volcanic influence. The lower succession consists 
of interbedded siltstones, volcanic lithic sandstones, conglomerates and rhyolitic 
pyroclastics. The upper succession consists of more-sorted sandstones, and conglomerates 
with more-rounded clasts. The clasts in this subunit are dominated by metamorphic 
basement lithologies and by rhyolitic tuff which is probably derived from the lower 
succession. Abundant trace fossils and remains of marine invertebrates suggest a 
dominantly marine shelf environment, and a Late Permian age. The Northbrook Beds are 
openly folded about west-northwest trending axes, with a weak axial planar fracture 
A review of the regional geology of southeast Queensland 
cleavage. The orientation of the folds is the same as in the immediately adjacent Esk 
Trough, although the boundary between them is faulted. 
Gympie Group 
17 
The Gympie Group, excluding the Carboniferous rocks now assigned to the Amamoor 
Beds (see discussion above), is a succession of marine sediments and mafic volcanics 
exposed near Gympie. It is in fault contact with the Amamoor Beds to the west, and 
Early Triassic rocks to the east (Scott and Cranfield, 1993). The group is divided into 
four conformable formations (Runnegar and Fergusson, 1969), which are from bottom 
to top: Highbury Volcanics, Rammutt Formation, South Curra Limestone and Tamaree 
Formation. These formations consist dominantly of mafic volcanics and volcaniclastics, 
shale, greywacke, sandstone and bioclastic limestone (Table 2.1 ). Briggs (1993), in a 
review of the biostratigraphy of the New England Orogen, assigned invertebrate 
macrofossil faunas in the Rammutt Formation and South Curra Limestone to the Late 
Sakmarian and Artinskian respectively. The Tamaree formation only contains a sparse 
fauna of probable Tatarian age. These palaeontological data and the conformable 
relationships between the four formations indicate that the deposition of the Gym pie 
Group spanned most of the Permian. 
The basal unit, the Highbury Volcanics, contains basaltic to basaltic-andesitic tuff­
breccia, agglomerate, minor lava flows and associated volcaniclastic rocks. These 
deposits are massive, poorly bedded and formed in a shallow marine environment. 
Dacitic tuffs and glassy lava flows with interbedded shales, argillites and feldspathic 
greywacke dominate the overlying Rammutt Formation. The lithological associations 
indicate deposition close to a violently erupting volcanic chain, that was at least in part 
subaerial (Sivell and Waterhouse, 1987b ). Petrographic and geochemical studies of the 
volcanics suggest that they were derived from a depleted mantle source, and show 
affinities with the initial stage of island arc development (Sivell and Waterhouse, 1988). 
Deformation in the Gympie Group ranges from uniform moderate easterly dips in the 
Gympie Goldfields area to tight and isoclinal folds with local overturning elsewhere. 
An incipient axial planar cleavage has developed during this deformation (Murray, 
1987). 
Rocks very similar to the Gym pie Group are exposed in the Mary borough I :250,000 
sheet area. These rocks were formally divided into Mant Basalt, Kolbar Formation, 
Gigoomgan Limestone and Teebar Formation by Cranfield (1989a), who correlated 
them with the stratigraphic subdivisions near Gympie (Table 2.1 ). Deformation in this 
region is somewhat stronger, with a well developed slaty cleavage in the finer grained 
rocks (Murray, 1987). 
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Table 2.1 Summary of stratigraphic subdivisions in the Gympie region, and their correlation with rocks 
in the Biggenden area (from Waterhouse and Balfe, 1987; Cranfield, 1989a) 
Period Formation Lithology Thickness Correlatives in 
Biggenden area 
Early Kin Kin Phyllite Phyllitic shales and minor very thin sandstone Broweena Fm(?) 
Triassic 
Traveston Fm Olive green shale, thin lithic subgreywacke 800m 
Keefton Fm Coarse lithic sandstone and pebbly sandstone, pebbly 300m 
conglomerate, acid volcanics 
Permian Tarnaree Fm Thin grey green shale alternating with thin lithic subgreywacke 650m Teebar Fm 
(Gym pie above massive olive green shale and some subgreywacke 
Group) 
South Curra Lst Bioclastic calcarenite with some calcareous sand, and siltstone 130m Gigoomgan Lst 
Rarnmutt Fm Olive green shales, carbonaceous shales, greywackes, andesitic 100m Kolbar Fm 
lava and acidic igneous rocks, volcanic conglomerates 
Highbury Volcanics Agglomerate, amygdaloidal basalt 350m Mant Basalt 
Late Permian to Triassic intrusives and volcanics 
Permian-Triassic Granitoids 
Numerous granitoid plutons intrude the metamorphic rocks east of the Esk Trough 
along a northwest trending belt, which extends as far as Gladstone. The intrusions 
consist of unfoliated, massive, medium grained, biotite±:hornblende granodiorite, diorite 
and tonalite, and yield K/Ar ages ranging from -242 to 220Ma (see Appendix V). More 
mafic rocks, including gabbro and orbicular diorite occur in the Monsildale 
Granodiorite, which yielded a slightly older, Late Permian date of -253Ma (see 
Appendix III). 
Late Triassic Volcanics 
The North Arm Volcanics are a flat lying to gently folded unit of silicic continental 
volcanics in the Nambour-Kenilworth region. They unconformably overly Palaeozoic 
metamorphics, Permian sediments and Permian-Triassic intrusives but are probably 
conformable with the Late Triassic to Jurassic Lands borough Sandstone (Nambour 
Basin). The unit consist dominantly of andesite, rhyolite, rhyolitic to dacitic welded 
tuffs and minor chert, jasper and shale. The volcanics were possibly associated with a 
large caldera in the Yandina-Eumundi area (Scott and Cranfield, 1993). The unit has 
yielded a whole rock Kl Ar date of -217Ma (Ashley and Shaw, 1993). 
The Bell thorpe Andesite is a sheet of monotonous, porphyritic, andesite lava flows 
surrounded by the Triassic Neurum Tonalite and faulted against the Cedarton Volcanics. 
This unit has previously been correlated with the Permian Cedarton Volcanics (e.g 
Murphy eta/., 1976), but is now shown to be more similar to the Late Triassic volcanics 
in the area (Chapter 3). 
Andesitic and rhyolitic lavas and tuffs, occurring in isolated exposures east of the Esk 
Trough were originally correlated with the Neara Volcanics of the Toogoolawah Group 
(Murphy et al., 1976). However recent mapping by T.A.Little (e.g. Little, in prep.) has 
shown that these volcanics show an angular discordance with the Neara Volcanics, and 
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are assigned an undifferentiated status in this study. Ar/ Ar dating on hornblende 
yielded a plateau age of -229Ma (Little et al., 1992) and a total gas age of -232Ma 
(Murphy et al., 1976). 
Mesozoic Basins 
Triassic rocks east of the Gympie Group 
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Deformed Triassic rocks occur east of the Permian Gym pie Basin. The westernmost, 
basal unit, the Keefton Formation, is faulted against the Gympie Group. It consists of 
coarse lithic arenite with interbedded granule and pebble conglomerate and minor red 
mudstone. Clasts in the conglomerate are dominated by quartz, chert and minor acid 
volcanics. Early Triassic plant fossils are correlated with very similar fossils in the Esk 
Trough. The boundary with the overlying Kin Kin Beds is either disconformable or 
faulted. (Murphy et al., 1976) 
The Kin Kin Beds are a series of deformed rocks of uncertain affinity, exposed to the 
east of the Keefton Formation. They consist of phyllite, slate and siltstone, interbedded 
with fine-grained feldspathic labile arenite. Lower Triassic ammonoids occur near 
Woondum railway station (Runnegar, 1969) in the western part of the unit, indicating 
marine deposition. The unit is intruded by the Goomboorian Diorite, dated at 234-
240Ma (Green and Webb, 1974, in Murphy et al., 1976). 
In the Biggenden area the Broweena Formation occupies a similar structural position to 
the Kin Kin Beds near Gympie (Murray, 1987). It consists of fine-grained clastic 
sediments over a thick, coarse, basal conglomerate. The relationship with the 
underlying Gympie Group equivalents is either conformable or a very low angle 
unconformity. The Broweena Formation contains Lower Triassic marine macrofossils, 
as well as ?Middle Triassic plant fossils (Murray, 1987). The depositional environment 
is therefore at least in part terrestrial. Deformation in the Broweena Formation is less 
intense than in the Kin Kin Beds, without the development of a slaty cleavage, although 
it is isoclinally folded in places. Murray ( 1987) pointed out a problem with the timing 
of deformation in the two units if they represent equivalent or partly equivalent 
successions. The foliated Kin Kin Beds are intruded by the Early to Middle Triassic 
Goomboorian Granodiorite. The folding in this unit must therefore be older than 
Middle Triassic. However if the Broweena Formation extends into the Middle Triassic, 
the folding events within the two units cannot be equivalent. 
Esk Trough 
The Esk Trough is a narrow, north-west trending, Early to Middle Triassic basin, 
separating the NDB in the east from the Yarraman Block in the west. It contains a thick 
sequence of continental sediments (Toogoolawah Group) which unconformably overlies 
older Palaeozoic metamorphics of the NDB and is faulted against Permian sediments, 
and the Yarrarnan Block. (Murphy et al., 1976) 
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The Toogoolawah Group comprises three formations. The basal Bryden Formation 
consists of interbedded feldspatholithic sandstone, shale and conglomerate, with minor 
thin lenses of coal and tuff. Clasts in the conglomerate are largely derived from 
metamorphic basement rocks to the east. The Neara Volcanics form a continuous belt 
along the length of the Esk Trough, and consist of a thick pile of volcanic conglomerate 
and agglomerate. Uncommon small clasts of metamorphic basement indicate 
continuing erosion of the NDB into the Esk Trough. The Neara Volcanics interfinger 
with the other two units, the Bryden and Esk Formations. The youngest unit in the 
group, the Esk Formation consists of conglomerate, labile calcareous sandstone and 
shale. The conglomerates are less quartzose than those of the Bryden Formation, but are 
also derived from the basement rocks to the east. Miospore assemblages suggest a Early 
Triassic age for the Esk Trough (Cranfield eta/., 1976). 
Deformation in the Esk Trough is mainly along north-west to north trending axes, 
parallel to the elongated shape of the basin today, with local areas of more east-trending 
axes along each margin. Open to tight macroscopic folding dominates the structure 
with local bedding dips varying from 30° to vertical and overturned strata. The isolated 
outcrop areas to the east of the main belt of rocks are subhorizontal. Large scale strike 
slip faulting associated with the Great Moreton Fault, also produced steep dips. 
(Murphy eta/., 1976) 
Ipswich and Clarence-More ton Basins 
The Ipswich Basin is a Late Triassic intramontane basin which unconformably overlies 
the southern end of the NDB and Esk Trough. In the west it is bounded by the West 
Ipswich Fault, and to the southeast by the Beenleigh Block. The basin sequence is 
divided into the Kholo Subgroup and the conformably overlying, finer grained, Brassall 
Subgroup. The Kholo Subgroup consists of basalt, polymictic, poorly sorted 
conglomerate, rhyolitic tuff and minor sandstone and mudstone. Clasts are mainly 
composed of metamorphic basement rocks, silicic volcanics, and marine sediments 
containing Late Palaeozoic Bryozoa. The sources for these clasts probably are the 
NDB, Mt Byron Volcanics and Cressbrook Creek Group and/or Northbrook Beds 
(Cranfield et al., 1976). The Kholo Subgroup accumulated in alluvial plain or fan 
environments. The Brassall Subgroup consists mainly of interbedded sandstone, 
siltstone, shale and coal, which suggest a floodplain environment with meandering 
channels and peat-forming swamps (Falkner eta/., 1988). Rich plant and insect 
assemblages in both subgroups suggest a Late Triassic (Carnian) age for the basin 
(Playford and Rigby, 1988). 
The Clarence-Moreton Basin developed as the southeasterly lobe of the much more 
expansive Surat Basin of the Great Artesian Basin complex. It overlies the Palaeozoic 
Yarrol and New England Provinces of the NEO, and the sediments of the eroded 
Ipswich Basin. The basin sequence is divided into the Bundamba Group (i.e. Woogaroo 
Subgroup and Marburg Formation) and Walloon Coal Measures. The Bundamba Group 
consists of labile to quartzose sandstone, interbedded shale, mudstone and 
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conglomerate. A ferruginous oolitic marker horizon occurs within the Marburg 
Formation, which can be correlated across to the Nambour and Maryborough Basins. 
The Walloon Coal Measures consist of mudstone, siltstone, fine grained labile 
sandstone, coal and minor limestone. The depositional environment in the Bundamba 
Group is interpreted as fluvial to lacustrine with a minor marine incursion in the 
Marburg Formation. The Walloon Coal Measures suggest fluvial to paralic 
environments (Cranfield eta/., 1976). Palynological evidence suggests a Late Triassic 
(Rhaetian) to Middle Jurassic age for the basin (Playford and Rigby, 1988). 
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The Ipswich basin sequence was folded into broad macroscopic folds with north­
northwest trending fold axes. This folding was initiated before the deposition of the 
Early Jurassic Bundamba Group, but developed throughout the Jurassic, and is reflected 
in broad open flexures within the Moreton Basin (Cranfield eta/., 1976). 
Nambour Basin 
The Late Triassic to Early Jurassic Nambour Basin unconformably overlies all older 
rocks along the coast between Brisbane and Cool urn, except the North Arm Volcanics, 
with which it seems to be conformable (Murray, 1987). Its sedimentation was 
continuous with the Moreton Basin via the Brisbane Strait (Murphy et al., 1976), and 
similar to the lower succession of the Mary borough Basin. The Nambour Basin 
sequence is therefore correlated with the Duckinwilla Group of the Mary borough and 
the Bundamba Group of the Moreton Basin. 
Sedimentation in the Nambour Basin was dominated by cross-bedded quartzose 
sandstone, with minor siltstone, shale and local conglomerate in the lower part. This 
succession is conformably overlain by more labile sandstone with minor interbedded 
shale, carbonaceous shale, coal seams and a conspicuous ferruginous oolite marker 
horizon, which correlates across the two adjacent basins. The sediments indicate a 
fluviatile environment of deposition with a minor marine incursion producing the oolite 
marker. Deformation is restricted to two open, gentle, north-west trending warps near 
Mooloolah and Lands borough. (Murphy eta/., 1976) 
Maryborough Basin 
The Maryborough Basin extends from its contact with the Nambour Basin near Mt 
Coolum north to Bundaberg and inland as far as Childers and Gympie. The sediments 
in the basin unconformably overly all older units, or are faulted against them by 
northwest trending normal faults (Scott et a/., 1991 ). The basin contains two sequences: 
Late Triassic to Early Jurassic fluviatile sandstone, minor mudstone and coal 
(Duckinwilla Group); Cretaceous intermediate volcanics (Grahams Creek Formation); 
marine mudstone, shale and sandstone (Maryborough Formation); and continental coal 
measures (Burrum Coal Measures). 
The Duckinwilla Group (Cranfield, 1989b) comprises two formations. The Myrtle 
Creek Sandstone consists of cross-bedded, medium to coarse grained quartzose 
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sandstone, with minor interbedded shale, siltstone and coal. A locally developed basal 
conglomerate ("Wolvi Conglomerate") contains clasts of phyllite, quartz, porphyry and 
sandstone derived from basement rocks. Palaeocurrent measurements in the Myrtle 
Creek Sandstone indicate flow directions from the south to southeast. The conformably 
overlying Tiaro Coal Measures contain additional small coal seams <Scm thick, and the 
oolitic ironstone marker horizon. The depositional environment is fluviatile with only a 
minor marine incursion during the early Jurassic (Murphy et al., 1976). Fossils in the 
Duckinwilla Group are sparse. Murphy eta/. (1976) report late Triassic plant fossils 
from the base of the Myrtle Creek Sandstone toward the south of the basin, and 
palynomorphs of early Jurassic age near the marker horizon. 
The andesitic and trachytic lava flows, pyroclastics and tuffaceous sandstone and 
siltstone of the Grahams Creek Formation overly the Duckinwilla Group unconformably 
and are probably of Cretaceous age. The Maryborough Formation is disconformable 
with the underlying Graham Creek Formation, and consists of shallow marine 
mudstone, shale, siltstone and sandstone with minor conglomerate, tuff and limestone. 
Marine bivalves indicate an Aptian age of deposition. Conformable terrestrial 
deposition of the fine to medium grained sandstones, greywackes, siltstones, shales and 
coal, with an abundant flora, of the Burrum Coal Measures followed during the Aptian 
(Ellis, 1968). 
The Maryborough Basin was folded into broad open folds with north-west trending 
axes, after the Lower Cretaceous. Dips are usually 20-30°, but isoclinal folding with 
local overturned strata has been reported from the southern part of the basin (Murray, 
1987). Northwest trending normal faults and northwest to south dipping thrusts occur 
within the basin (Scott and Cranfield, 1993). 
NORTH D' AGUILAR BLOCK 
Work during the early stages of the NDB project focused on developing a framework to 
correlate lithologies across the accretionary blocks, based on structural-metamorphic 
criteria, rather than on identifying coherent terranes. Three types of tectonostratigraphic 
assemblage were recognised (Holcombe et al., 1990): low grade, simply deformed slaty 
rocks (Type 1); low grade, polydeformed phyllites (Type 2); and medium grade 
polydeformed pelitic and mafic schists (Type 3). Table 2.2 shows the classification of 
the tectonostratigraphic units occurring in the three accretionary terranes. The 
Amamoor Beds are here included as a part of the NDB. 
Type l. Very low grade (anchizonal) slate, greywacke, chert-argillite and metabasalt 
with locally preserved pillow structures, preserved either as coherent units or broken 
formation, with a steeply dipping first generation slaty cleavage. This is the dominant 
assemblage in the Beenleigh and South D'Aguilar Blocks, and is regionally extensive in 
the NDB and Amamoor Beds. 
Type 2. Low grade (lower greenschist), polydeformed phyllite, siliceous phyllite, 
minor metachert and greenstone. The pelitic rocks contain subhorizontal second 
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Table 2.2 Classification of tectonostratigraphic units into structural-metamorphic types (Holcombe et 
a/., 1990). 
Block Type 1 Type 2 Type3 
low grade, steeply foliated low grade, polydefonned moderate grade, polydefonned 
northern NDB Wide Bay Ck Broken Formation Anderson Ck Phyllite Mt Mia Serpentinite-matrix Melange 
Amamoor Beds Rocksberg Greenstone equivalents 
Kurwongbah Beds equivalents 
central NDB Booloumba Beds Jimna Phyllite Peters Creek Greenstone 
(this study) Amamoor Beds Anderson Ck Phyllite Mt Mia Serpentinite-matrix Melange 
southern NDB Rocksberg Greenstone 
Kurwongbah Beds 
South D'Aguilar Neranleigh-Fernvale Beds Bunya Phyllite 
Block 
Beenleigh Block Neranleigh-Fernvale Beds 
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generation deformational fabrics similar in style and orientation to the polymetamorphic 
rocks of Type 3. This assemblage occurs either as regionally extensive units (e.g. 
Bunya Phyllite) or as a thin fault slice in the northern NDB (Anderson Creek Phyllite). 
Type 3. Polymetamorphic rocks of greenschist, amphibolite or epidote-blueschist 
facies. Rock types include metabasaltic volcaniclastics, silicic phyllite, serpentinite­
matrix melange and several foliated granodiorite plutons. The dominant fabric in these 
rocks is a shallowly dipping second generation foliation. 
Northern North D' Aguilar Block. During subsequent mapping in the northern NDB, 
T.A.Little established the relationships between some of these units, and equated them 
to different exposed levels within the accretionary complex. The major control on the 
juxtaposition of these assemblages was found to be a gently arched normal fault, the Mt 
Mia Fault, and a low angle thrust fault, the Claddagh Thrust (Figure 2.4). The Mt Mia 
Fault was interpreted as a detachment surface exhuming polymetamorphic (Type 3) 
rocks in its lower plate, beneath the lower grade, simply deformed (Type I), 
assemblages in its upper plate. He interpreted the Type 2 assemblages as an 
intermediate plate, close to the Mt Mia Fault, which shows characteristics of the 
assemblages on both sides of the fault. The Claddagh Thrust further imbricated the 
structure, exposing Late Carboniferous granitoids that contain fabrics syntectonic with 
the Mt Mia Fault. Thus the structural/metamorphic framework in the NDB revolves 
around whether units lie within the lower plate or upper plate of this detachment 
complex, whether they are part of the syn-detachment intrusive suite or whether they 
belong to one of several generations of Permian and Triassic successor basins. This 
framework, and its application to the central NDB will be discussed in detail in 
Chapter 4. 
Southern North D'Aguilar Block. The southern NDB was mapped by R.J.Holcome 
(Figure 2.5). The southern part of the NDB is dominated by epidote blueschist facies 
rocks, which are separated from the remainder of the block by Triassic intrusives and 
volcanics. It comprises two tectonostratigraphic units, the Rocksberg Greenstone, 
consisting dominantly of mafic greenschist and blueschist, and the Kurwongbah Beds, a 
siliceous phyllite unit. The contact between the two units is a l-3km thick imbricate 
fault zone, intercalating slices from both units. Lithologies and deformational fabrics 
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are similar to rocks exposed in the lower plate of the Mt Mia Fault in the northern NDB, 
and therefore the Rocks berg Greenstone and Kurwongbah Beds are correlated with 
these rocks. The Rocksberg Greenstone is interpreted to have derived from a subducted 
seamount, possibly in a fracture zone setting, where serpentinised rocks are exposed. 
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Figure 2.4 Simplified geological map and crossection of the northern NDB (Little eta/., 1993b). 
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CHAPTER3 
GEOLOGY OF THE CENTRAL 
NORTH D'AGUILAR BLOCK 
INTRODUCTION 
A geological map of the study area (Figure 3.1) reveals a collage of fault and intrusion­
bounded tectonostratigraphic units. Devonian-Carboniferous blocks of low 
metamorphic grade occur along the north-northwest trending central core of the of the 
NDB. These are flanked and overlain by Early Permian, diamictite-bearing, 
sedimentary successions. Middle Triassic sediments occur along the perimeters of the 
map, and Late Triassic andesitic volcanics unconformably overly the older rocks. 
This chapter presents detailed descriptions of the rock units present in the study area, 
and is intended to be a commentary for the geological map included in the back pocket 
of this thesis (Figure 3.1 is a simplified fold-out version of this map for easier 
reference). Unit names and abbreviations used throughout this chapter are as defined by 
Murphy eta/. (1976) for the Gym pie 1:250,000 geological map, wherever practicable. 
However, new published data and mapping results from this project have led to the 
definition of three new units, the Jimna Phyllite, Peters Creek Greenstone and 
Cambroon Beds, and the redefinition of two existing rock units, the Amamoor Beds and 
Booloumba Beds. This chapter also discusses existing and new correlations between 
units based on the results of the mapping completed for this thesis. 
A detailed discussion of the large scale structure of the NDB, and the classification of 
the tectonostratigraphic units in the context of that framework follows in Chapter 4. 
NEW AND REDEFINED ROCK UNITS 
A problem exists with the current definitions of the Booloumba and Amamoor Beds. 
These have been found to contain units that are correlated with lower plate rocks and 
Permian successions respectively. The Amamoor beds were originally defined by 
Murphy et a/.(1976), to include low grade slate, chert and mafic volcanics between "the 
Mary River valley and the ranges of undifferentiated Palaeozoic rocks" between Widgee 
Creek in the north and Booroobin to the south. A Carboniferous-Permian age, based on 
macrofossils found in the southernmost exposure area was assigned to the unit. 
Extensive interbedded quartz-arenite/shale sequences immediately to the east were 
mapped as Early Permian Gympie Group sediments. 
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Since then new data has become available that warrants the redefinition of the 
distribution of the Amamoor Beds: 
1. Further Permian fossil localities were described by Murray eta/. (1979) from the 
southern part of the unit. 
2. Ishiga (1990) described Early Carboniferous Radiolaria from several localities in the 
northern part of the group, including the interbedded quartz-arenite/shale sequences 
mapped as Gym pie Group. He also identified Permian Radiolaria at one locality in 
the southernmost region on Sunday Creek Road. 
3. Mapping by T .A.Little and this study has shown, that rocks to the west of the steep 
NNW trending fault that originally formed the western boundary of the Amamoor 
Beds, and were previously mapped as undifferentiated Palaeozoic rocks, have 
identical rock types, metamorphic grade and deformational style as the Amamoor 
Beds, and are now included in that unit. 
Therefore the Amamoor Beds are redefined to include all Early Carboniferous 
successions, including rocks to the west of its original boundary. The Permian rocks 
now excluded from the Amamoor Beds are assigned a new name, the Cambroon Beds. 
The Booloumba Beds were defined by Murray et a/. (1979), who based the type 
description on exposures along Booloumba Creek. They defined the possible eastern 
extent of the unit to include rocks exposed further west, as far as the faulted boundary 
with the Esk Trough. However, these western rocks contain a more complex structural 
history, and are therefore differentiated as the Jimna Phyllite in this study. Also 
excluded from the Booloumba Beds, as defined by Murray eta/. (1979), are fault 
bounded lenses of polydeformed mafic greenschist. These mafic schists are higher in 
metamorphic grade and more complex in their deformational history than the simply 
deformed Booloumba Beds and are therefore named here as a separate unit called the 
Peters Creek Greenstone. 
?DEVONIAN-CARBONIFEROUS METAMORPHIC UNITS 
Mt Mia Serpentinite-matrix Melange (Pzs) 
The most southerly part of the Mt Mia Serpentinite-matrix Melange is exposed in the 
core of a southerly plunging anticlinorium in the northwestern part of the study area. It 
was defined by Little et a/.(1992) and includes both the Mary Valley Serpentinite 
(Wilkinson, 1951) and unnamed serpentinites exposed in the Kilkivan area. The unit 
consists of poorly sorted angular blocks of various compositions set in a sheared 
serpentinite matrix. It is the structurally deepest unit exposed in the central NDB, 
positioned within the footwall of the Mt Mia Fault. The unit is bounded by the Mt Mia 
Fault to the south and west, and cut in the east by a steep, normal fault. Two isolated 
exposures occur in fault-bounded windows within the Amamoor Beds immediately to 
the east of this boundary. The unit is intruded by several small ?Triassic granitoid 
plutons. 
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Figure 3.1 Simplified geological map of the study area showing the distribution of geological units described 
in this chapter. 
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The serpentinite-melange forms areas of poor soil development, with good outcrop 
along creeks and hillsides. Vegetation is characterised by open eucalypt forest and a 
striking abundance of native grass trees (Xanthorrhoea sp., Murphy eta/., 1976). In 
exposed areas serpentinite forms dark brown, green to light green weathered crusts over 
the massive serpentinites and breccias. Sheared serpentinite appears unweathered, light 
green-grey, with a scaly texture. 
The inclusions in the melange range in size from microscopic up to 1 OO's of metres 
across and consist dominantly of phyllite, with less common mafic greenschist and 
blueschist, and marble. Rare inclusions of rodingised gabbro, garnet amphibolite, 
lherzolite, wehrlite and clinopyroxenite have been reported (e.g. Little eta/., 1992; 
Palethorpe, 1972). 
At least two generations of deformational fabrics are present in the Mt Mia Serpentinite­
matrix Melange. These fabrics cannot be differentiated in the strongly sheared matrix, 
but are clearly preserved in its tectonic inclusions. The latest fabric is a pervasive, 
shallowly dipping, crenulation cleavage, continuous through both, matrix and 
inclusions, which is roughly parallel to the upper boundary of the unit. In the northern 
NDB, where deeper levels of the melange are exposed, this foliation increases in 
intensity from shear zones anastomosing around domains of more massive textured 
rock, at the base of the unit, to a pervasive schistose crenulation fabric near the top, 
close to the Mt Mia Fault (Little, in prep). This fabric is correlated with the exhumation 
of the melange beneath the Mt Mia Fault, and postdates the formation of the melange. 
Some inclusions preserve an earlier fabric which predates the formation of the 
framework and is defined by alignment of the peak metamorphic mineral assemblages 
in these rocks (e.g. alignment of blue amphiboles in the large epidote-blueschist 
inclusion described above). 
Phyllite inclusions. Phyllite occurs as large coherent inclusions, as well as in extensive 
areas of phyllite breccia. These breccias consist of poorly sorted, angular clasts of 
phyllite, and less abundant small clasts of serpentinite, in a serpentinite-rich matrix. 
The phyllite clasts range in size from microscopic to -1 Ocm in diameter, and contain a 
pervasive cleavage. This cleavage is generally not continuous between the clasts and 
therefore predates the formation of the breccia. The breccias themselves appear largely 
undeformed, but contain finer grained, <2cm wide, foliated domains, with small folds 
within the phyllite clasts, that are axial planar to this fabric (Plate 1 A). 
There are two possible origins for the breccia. They could either be sedimentary rocks, 
formed by eroding existing phyllite, or a tectonic breccia associated with the formation 
of the melange. The clasts of the breccia consist of phyllite and to a lesser extent 
microscopic serpentinite, in a serpentinite-rich matrix. Although most clasts are rotated 
with respect to each other, there are examples in the foliated domains where clasts can 
be correlated across several centimetres and where there is a weak preferred orientation 
to the clasts. This suggests that the breccias are tectonic in origin, probably associated 
with the formation of the melange. 
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Marble inclusions. Marble is confined to inclusions less than 20m long, that consist of 
foliated, light grey, fine to medium grained marble with chloritic laminations (Plate lB, 
1 C). The marble consists of recrystallised calcite with isolated grains of chlorite, quartz 
and plagioclase. It contains a strong shape fabric defining a foliation parallel to that in 
the serpentinite. Abundant <8mm wide, and <30mm long, chloritic laminations, 
rimmed by quartz and feldspar, occur parallel to this foliation. In the northern NDB, 
marble occurs as rounded boulders in matrix-supported breccia which is probably 
sedimentary in origin (Little et al., 1993b ). The marble inclusions in the central NDB 
are larger in size, more elongated, and occur as isolated blocks in the serpentinite­
melange. They may either represent rafted limestone blocks, or be metasomatic in 
ongm. 
Blueschist inclusions. One mafic block, exposed for over 30m near the southern tip of 
the serpentinite, contains� crenulated epidote-blueschist assemblage (Plate 2A). The 
rock consists dominantly of a felted mass of acicular blue-green pleochroic amphibole 
and albite, with patches of chlorite-albite±amphibole. Some finer grained parts of the 
block contain a crenulation overprinted by porphyroblasts of green amphibole. 
Microprobe analyses of these porphyroblasts showed them to be ferro-eckermannite 
(Appendix IV). This rock type is similar to epidote-blueschists occurring in the 
Rocksberg Greenstone (Holcombe and Little, 1994). 
Serpentinite matrix. The serpentinite matrix of the melange is either brecciated, or 
strongly sheared with locally preserved massive serpentinite cores (Plate 2B). It 
contains the assemblage antigorite-magnetite±diopside±talc±clinochlore±relict garnet. 
Antigorite is by far the most abundant mineral and commonly displays a felted texture, 
or preserves the texture of olivine fracture patterns. Relict pyroxene textures are also 
commonly preserved. Rare, partially serpentinised, relict garnet occurs locally in the 
massive serpentinite. Chrysotile-filled extension veins are common. The fibres within 
these veins are parallel to the foliation in the surrounding serpentinite. Steep, 2-30cm 
wide, hornblende veins occur locally, near the eastern fault margin (#518689), in brittly 
deformed serpentinite. They crosscut all earlier fabrics in the serpentinite. 
The strong, pervasive serpentinisation and deformation throughout the serpentinite 
melange prevents the identification of original peridotites. Therefore CIPW-normative 
compositions of geochemical data collected in this study (3 samples) and published by 
Palethorpe (1972; 34 samples) were calculated and plotted on Streckeisen's (Le Maitre, 
1989) classification diagram for ultramafic rocks (Figure 3.2). Most data plot in the 
harzburgite field with some in the lherzolite and dunite fields. This result has to be 
treated with some reservations, as Ca and Mg loss during serpentinisation will shift 
composition toward the orthopyroxene corner. However, Palethorpe (1972) observed 
that relict clinopyroxene is restricted to a few samples, where it is well preserved, 
suggesting that harzburgites are the dominant rock type, supporting the validity of the 
normative compositions. 
PLATE 1 
A 
B c 
Mt Mia serpentinite-matrix melange 
A. Phyllite breccia with serpentinite-rich matrix. Note the preferred orientation of the larger clasts parallel 
to the axial plane of the fold. (#473692, width of sample is 4.5cm) 
B. Foliated marble inclusion with chlorite stringers. (#488678) 
C. Microphotograph of chlorite stringers in marble inclusion. (#488678, plane polarised light, 0.25mm 
scale bar) 

PLATE2 
B 
Mt Mia serpentinite-matrix melange 
A. Microphotograph of blue amphibole in epidote-blueschist inclusion. (#497678, plane polarised light, 
0.1mm scale bar) 
B. Outcrop of massive-textured serpentinite. (#451751) 
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Figure 3.2 CIPW-normative compositions ofMt Mia serpentinite plotted on Streckeisen's (Le Maitre, 
1989) classification diagram for ultramafic rocks. 
Peters Creek Greenstone (Pzpg) 
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The Booloumba Beds as defined by Murray eta/. (1979) contain abundant lenses of 
mafic greenschist up to 1 km wide and 1 Okm long. These lenses contain slightly higher 
metamorphic grades and polydeformational fabrics in contrast to the adjacent, simply 
deformed, pelitic rocks, indicating a more complex deformational history in the 
greenstones. Therefore these greenstones are differentiated as a new unit called the 
Peters Creek Greenstone. The unit is best exposed along Summer Creek (see Figure 3.7 
below) and in the headwaters of Booloumba Creek. 
The unit consists of dark green, massive to strongly foliated and commonly coarse 
metagabbro and volcaniclastic rocks (Plate 3A). Epidote veining and alteration is 
common. Jasper lenses occur locally within the unit along Summer Creek. The 
greenstone consists of the assemblage chlorite-actinolite-albite-oxides±relict 
clinopyroxene±epidote with moderately well preserved igneous textures (Plate 38). 
Where the rocks are contact metamorphosed by adjacent Triassic granitoids, they are 
more coarsely crystalline and green hornblende pseudomorphs the relict pyroxene. 
Most rocks preserve only one foliation, defined by the alignment of actinolite and 
chlorite grains. However, the more strongly foliated chlorite-actinolite schists contain 
an earlier fabric preserved within low strain zones around pseudomorphed pyroxene 
(Plate 3C). 
Whole rock geochemical analyses of the Peters Creek Greenstone are plotted on Le 
Maitre's ( 1989) T AS classification diagram and Kuno's (1968) AFM differentiation 
diagram in Figure 3.3. The Rocksberg Greenstone plots in the fields for basalt and 
trachy-basalt and has tholeiitic affinities. The strong spread of the data probably reflects 
non-isochemical processes either related to regional metamorphism or to Permian­
Triassic contact metamorphic effects. Note that only samples that plotted within the 
basalt field of the T AS diagram and satisfied a list of geochemical constraints (Manson, 
1967. p221) were plotted on the AFM diagram. 
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CaO 
Figure 3.4 Ternary classification diagram plotting the pyroxene microprobe data in the augite field 
(fields from Deer, Howie and Zussmann, 1966). 
A 
Peters Creek Greenstone 
PLATE3 
B 
A. Outcrop of foliatedepidotised greenstone at Peters Crossing (#607486, photo by R.J.Holcombe) 
B. Photomicrograph of relict augites in Peters Creek greenstone. (#608517, plane polarised light, 0.25mm 
scale bar) 
C. Photomicrograph of multiple fabrics preserved in low strain zones around pseudomorphed pyroxene. 
(#587548, plane polarised light, 0.25mm scale bar) 
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Relict augite phenocrysts are the only primary igneous phase present in the Peters Creek 
Greenstone. The grains are colourless and euhedral. There is no optical evidence of 
rimming in the grains, which is confirmed by electron-microprobe analyses of the augite 
(listed in Appendix IV). The probe data plots in the augite field of the pyroxene 
classification diagram (Figure 3.4), and contains Mg-numbers (IOOMg/Mg+Fe) between 
64-75, an average Cr203 content of0.12wt%, Al203 of 2.39wt%, and N�O of0.26wt%. 
The lithologies, the multiple deformation, the whole rock geochemistry and the presence 
of relict pyroxenes is very similar to mafic greenschists in the Rocks berg Greenstone 
near Mt Mee (Holcombe, pers.comm.), and the Peters Creek Greenstone is therefore 
correlated with this unit. 
Anderson Creek Phyllite (Pzap) 
The Anderson Creek Phyllite is a thin fault-bounded slice of polydeformed phyllite, 
immediately above the serpentinite-matrix melange. It was defined by Little et al. 
(1993b ), who mapped exposures along Anderson Creek, where the phyllite is <75m 
thick and consists of quartz-phengite-sphene-oxide±garnet±albite±chlorite±biotite 
phyllite. The dominant fabric is a finely spaced crenulation cleavage parallel to the 
upper contact of the unit. 
The unit cannot be traced continuously into the central NDB, but polydeformed, phyllite 
occurs at intervals in the same structural position along the upper contact of the 
serpentinite-melange. Here the unit is up to 150m thick and consists of quartz­
muscovite±chlorite±garnet phyllite, that appears to be of slightly lower grade than in the 
northern NDB. Again the dominant fabric is a finely spaced crenulation foliation 
parallel to the serpentinite contact (Plate 4A, B). As the rock types and deformational 
fabrics are similar to the Anderson Creek Phyllite, these isolated exposures of phyllite 
are correlated with that unit. 
Jimna Phyllite (Pzjp) 
The Jimna Phyllite is a new name given to a body of low grade polydeformed phyllites, 
slates and mafic greenschist, that is exposed over 37 3km2 south of Jimna Township. 
These rocks were previously mapped as Bunya Phyllite by Murphy et al. (197 6) and 
later assigned to the Booloumba Beds by Murray et al. (197 9). However the rocks are 
not continuous with the Bunya Phyllite, which forms part of the South D'Aguilar Block, 
and their deformational style contrasts strongly with those of the Booloumba Beds. 
Therefore a new name is warranted. 
The Jimna Phyllite forms most of the high country of the Conondale ranges and the 
western escarpment toward the Monsildale valley. Dense rainforest and wet sclerophyll 
forest are the dominant vegetation, making the area difficult to access. This and strong 
weathering of the rocks limit the detailed mapping control of the unit. The best 
exposures occur in road cuttings along the Kilcoy-Murgon Road between Yednia and 
Jimna, especially at Marumba View (#470461). 
42 Chapter 3 
The Jimna Phyllite is fault-bounded against the Marumba Beds to the north and west, 
and the Booloumba Beds and Peters Creek Greenstone to the east. Its contact with the 
sediments of the Esk Trough is unconformable in the north (exposed on Monsildale 
Road at #447381), but faulted by the North Pine Fault further south. Various Triassic 
granitoids, including the Neurum Tonalite and Tungi Creek Granodiorite, intrude the 
unit, obscuring relationships with other parts of the central NDB. Relationships with 
other metamorphic and volcanic units to the south, near Kilcoy, were not resolved in 
this study. 
The rocks of the Jimna Phyllite comprise poly deformed slate, phyllite, metachert and 
mafic greenschist. The slate is usually light brown to light grey in colour and weathered 
to a soft, dull texture. It contains small detrital plagioclase and quartz grains and well 
preserved bedding laminations (Plate 5A, B). The phyllite is more indurated than the 
slate. It is brown to grey in colour with a distinct micaceous sheen on the cleavage 
surfaces, and a very strong combined extension/intersection lineation. The phyllite is 
recrystallised to a quartz-muscovite-albite±chlorite assemblage. Very fine grained 
quartzite occurs in thin lenses within the pelitic lithologies, and contains a strong 
-_ crystallographic c-axis fabric indicating high strain. 
Mafic greenschists occur in narrow lenses (<lkm wide and up to 4km long) parallel to 
the foliation. These mafic rocks are massive, to strongly foliated, fine grained and green 
to dark grey in colour, and consist of actinolite-chlorite-albite±sphene±oxides. The 
-rocks are fully recrystallised and show no primary igneous textures. Around a small 
granitoid intrusion near Jimna Camp (#530460) the greenschists are contact 
metamorphosed to medium grained, recrystallised homblende-pyroxene-feldspar±gamet 
amphibolite (Plate 6A, B). Whole rock geochemistry indicates that these mafic 
greenschists are basaltic in composition, with tholeiitic affinities (Figure 3.3). 
The Jimna Phyllite is polydeformed containing the following array of fabric elements: 
S0 Bedding is visible only in the less strongly deformed slates. It is preserved as small 
1-5mm wide graded bedding laminations in these fine grained rocks. 
S/S2 The dominant fabric in the Jimna Phyllite is a subhorizontal, pervasive foliation 
containing an east-west trending composite lineation, with both extension and 
intersection character (see stereographic projections in Figure 3.5). In the slates this 
foliation is a first generation slaty cleavage (S 1) axial planar to microscopic folds in 
bedding. The cleavage is defined by pressure solution seams and elongated detrital 
quartz and plagioc!ase grains. In the phyllites and greenstones the foliation is a 
- crenulation cleavage (S2) containing a similar, but more intense composite lineation. In 
- the phyllites the fabric is defined by closely spaced aligned mica-rich and quartz rich 
domains. S1 is preserved locally in the quartz-rich domains (Plate 5C). In the mafic 
greenschist the crenulation cleavage is defined by the alignment of actinolite needles 
, parallel to the lineation, and S 1 by actinolite grains at a high angle to the main fabric 
(Plate 6A, B). 
· S3 A spaced, irregular crenulation cleavage occurs locally in the pelitic lithologies. It is 
defined by microscopic folds and associated pressure solution seams, and is usually 
shallow to moderately steeply dipping in outcrop (Plate 5C). 
PLATE4 
A 
Anderson Creek Phyllite 
A. Outcrop of crenulated muscovite-chlorite phyllite in Anderson Creek Phyllite. 
B. Same rock in thinsection cut perpendicular to crenulation. (#445827, plane polarised light, O.lmm 
scale bar) 
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PLATES 
A B 
Jimna Phyllite 
A. Microphotograph of slate in Jimna Phyllite, cut perpendicular to L'. 
B. Microphotograph of same sample, cut parallel to L' and perpendicular to S2• (#474401, plane polarised 
light, 0.25mm scale bars) 
C. Microphotograph of phyllite in Jimna Phyllite, showing three generations of fabrics. (#589248, plane 
polarised light, 0.05mm scale bar) 
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PLATE6 
A B 
Jimna Phyllite 
A. Microphotograph of mafic greenschist in Jimna Phyllite, cut perpendicular to L'. 
B. Microphotograph of same sample, cut parallel to L' and perpendicular to S2• (#571397, plane polarised 
light, O.lmm scale bars) 
C. Strong intersection/stretching lineation (L') on S/S2 surface. Note the crosscutting late open folds. 
(#470461, photo by R.J.Holcombe) 
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Figure 3.5 Equal area stereographic projections of S/S2 and L' in the Jimna Phyllite. 
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Figure 3.6 Rose diagram of combined measured joint and kink fold orientations in the Jimna Phyllite. 
-.... L' This subhorizontal east-west trending lineation is strongly developed throughout the 
unit, but especially in the phyllites (Plate 6C). It is a lineation with both intersection 
and extension components, defined by compositional banding, stretched quartz grains 
and in the greenstones the alignment of actinolite needles. Quartz veins are stretched, 
forming boudins normal to this lineation. The combination of lineations making up the 
fabric is dependent on the rock types. In the slates L' is a combination of first 
generation bedding/cleavage intersection and stretching lineations, while in the phyllites 
and greenstones it also includes the intersection of the two foliations and a second 
generation stretching lineation. 
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The unit as a whole is folded by map-scale, open folds that plunge gently to the 
northwest. One large antiform southeast of Jimna can be traced for over 1 Okm, leading 
to an exposed thickness of at least 5km for the Jimna Phyllite, although this thickness is 
interpreted to be a result of thrust imbrication (see Chapter 4). Later deformation 
consists of brittle joints and small scale faults concentrated near the North Pine Fault 
system, and a set of widely distributed NE trending joints and kinks, possibly related to 
the same fault system (Figure 3.6). 
The fine grained nature of the sediments, the ophiolitic character of the associated mafic 
greenschists and the absence of fossils suggest a deep marine environment of deposition 
for the Jimna Phyllite. 
Booloumba Beds (Pzbb) 
The Booloumba Beds are a fault-bounded block of low grade, simply deformed, 
interbedded metasandstone-argillite, slate, haematitic slate and massive basaltic 
volcanics at the eastern boundary of the central NDB. The unit was originally defined 
to include the Peters Creek Greenstone and Jimna Phyllite (Murray et al., 1979), but is 
now redefined to exclude these structurally more complex rocks. 
The redefined Booloumba Beds cover most of the drainage area of the Booloumba, 
Summer, Lobster and Peters Creeks. These creeks are deeply incised into the 
Conondale Range plateau and provide excellent exposures, particularly along Summer 
Creek (Figure 3. 7). The plateau itself is covered in dense rainforest (Conondale Range 
National Park) and wet sclerophyll forest with limited outcrop. The unit is fault­
bounded to the east against Permian sediments of the Cambroon Beds by the Bracalba 
Fault, and to the west against the Jimna Phyllite by a north-south trending fault. 
Triassic intrusions, the Tungi Creek Granodiorite and Neurum Tonalite, border the unit 
to the north and south. 
The Booloumba Beds, excluding the Peters Creek Greenstone, consist of a series of 
simply deformed, interbedded slate/metasandstone, green and haematitic slate, quartzite 
and massive pillow basalt. The dominant lithology is an interbedded (2-1 Ocm) sequence 
of fine grained, quartzose metasandstone and argillite (Plate 7 A). The argillite beds 
contain well preserved graded bedding laminations, that are 0.2-1 mm wide (Plate 7B). 
The metasandstone beds are now very fine grained quartzite that often preserve graded 
bedding. Individual metasandstone beds can be traced for up to 20m before they pinch 
out, the whole resembling broken formation. Metachert occurs in 5-l Om thick beds 
within the slates. In thinsection, it consists of very fine grained quartz with minor mica 
and haematite. The fabric in these rocks is defined by elongated quartz grains, 
alignment of mica and stringers of haematite. The quartz grains show strongly preferred 
crystallographic c-axis orientations, shown by optical waveplate examination, indicative 
of high strain. 
PLATE7 
Booloumba Beds 
A. Transposed beds of fine-grained quartzose metasandstone and argillite in Summer Creek. (#610533) 
B. Photomicrograph of fine bedding laminations and foliation-parallel veins typical of the cleavage 
in the Booloumba Beds. (#609533, plane polarised light, lmm scale bar) 
C. Pillow structures in basalt in Little Yabba Creek. (#615573) 
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Figure 3. 7 Detailed geological traverse of the Booloumba Beds and Peters Creek Greenstone along 
Summer Creek. 
53 
54 Chapter 3 
Strongly deformed haematitic slates occur throughout the unit, but preferentially 
adjacent to greenstone units. These slates consist of quartz-muscovite-albite-haematite 
slate and contain abundant, recrystallised quartz globules, which are are strung out 
asymmetrically parallel to the lineation, suggesting shearing. However, the lack of a 
consistent sense of asymmetry to these globules, prevents identification of shear sense. 
Haematite commonly occurs as boudinaged stringers parallel to the lineation. The 
strong deformation and apparently sheared character of the foliation could reflect the 
proximity of this lithology to the shear zones that emplaced the Peters Creek 
Greenstone. 
A thick sequence of strongly oxidised basaltic volcanics and volcaniclastics occurs 
along the northeastern boundary of the unit, and is best exposed near the junction of 
Summer and Little Yabba Creeks (#614566). The basalt lavas are unfoliated, massive, 
dark green to dark red in colour and locally contain very well preserved pillow 
structures (Plate 7B). Volcaniclastic breccias are also common. They contain blocks of 
oxidised basalt in a welded glassy matrix. Some of the groundmass shows radial 
devitrification patterns. Minor chlorite-epidote alteration occurs throughout the 
volcanics. The basalts plot in the trachy-basalt and basalt fields of the T AS diagram 
(Figure 3.3), but are too altered to be applied to any other geochemical differentiation 
diagrams. 
The unit is simply deformed, containing a steep, NNW trending pervasive slaty cleavage 
(S1), with a subhorizontal bedding-cleavage intersection lineation (L10) (see 
stereographic projections in Figure 3.8). This cleavage is generally sub-parallel to 
bedding and axial planar to mesoscopic tight folds. It is defined by pressure solution 
seams, quartz grain shape fabric, and alignment of white mica flakes (Plate 7C). 
Recrystallised quartz veins are common. These occur either parallel to the 
s, 
+ 
+ 
75 points 
·1 32%0 2%04% I<J��¥la% 111J 16%Max=1867% 3.23% D 4% D 8% Max=12.90% 
Figure 3.8 Equal area stereographic projections of S, and L10 in the Booloumba Beds. 
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foliation, or at an angle to it, where they are folded. The bedding-cleavage intersection 
lineation (L10) is subhorizontal, but doubly plunging over the distribution area of the 
unit, defining a large dome. Later en-echelon quartz veins are abundant throughout the 
unit, but show no strong preferred orientation, and can therefore not be related to a 
particular deformational event. 
The Booloumba Beds locally contain unidentifiable recrystallised spherical Radiolaria. 
Their presence, the fine grained nature of the sediments and the pillow textures in the 
basalts, suggest a deep marine environment of deposition. The age of the unit is only 
constrained by the intrusion of Early Triassic granitoid intrusions, and a single Kl Ar 
date on muscovite from quartz-sericite schist of -288Ma (Casley, 1993). The rock 
types and simple deformational history are similar to those in the Amamoor Beds, with 
which they are correlated. 
Amamoor Beds (Pzab) 
The Amamoor Beds are an aereally extensive unit of simply deformed, very low grade 
slates, interbedded quartz-arenite/metasiltstone and andesitic to basaltic volcanics in the 
northern part of the study area, that contain Late Devonian to Early Carboniferous 
Radiolaria (Ishiga, 1990). The unit forms a wedge between the Mt Mia Fault and the 
Claddagh Thrust, but most of the outcrop area lies east of a steep fault that truncates the 
serpentinite. The Amamoor Beds originally included rocks near Kenilworth that are 
now known to contain Permian fossils (Murray et a!., 1979). This part of the unit is 
differentiated as the Cambroon Beds, which are described below. The Amamoor Beds 
originally excluded a succession of Early Carboniferous interbedded quartz­
arenite/metasiltstone (eastern succession), and rocks to the west of the Bracalba Fault 
(western succession, including the original Amamoor Beds). The unit is now redefined 
to include these rocks. 
The eastern succession of the Amamoor Beds consists of interbedded fine grained, 
white to beige quartz-arenite and friable light brown metasiltstone (Plate 8A). The 
subunit dips moderately to the west and is folded into mesoscopic upright folds. A 
spaced cleavage axial planar to these folds has developed in the argillitic beds, and its 
the intersection of this fabric and a bedding plane fissility, that produces the distinctive 
pencil cleavage in these fine grained beds. 
The western succession of the Amamoor Beds is dominated by interbedded slate (Plate 
8B), haematitic slate, siltstone, chert and minor andesitic to basaltic volcanics. It is 
characterised by a single slaty cleavage. East of the Bracalba Fault it consistently has 
northerly trends with dips at moderate to steep angles to the west. West of the fault the 
cleavage is less consistent, but also dominated by moderate to steep west-southwesterly 
dips (Figure 3.9). The cleavage is axial planar to tight, mesoscopic, upright folds. 
Microscopically it is a continuous slaty cleavage, or defined by pressure solution seams 
(Plate 8C). 
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Figure 3.9 Equal area stereo graphic projection of the eastern and western succession of the Amamoor 
Beds. 
Exposures of fine grained biotite schist in Kandanga Creek (#440646 to #457654), 
which occur within the Claddagh Thrust sheet, are correlated with the Amamoor Beds. 
These rocks lie structurally above the Gallangowan Granodiorite, and form part of its 
upper contact aureole. Rock types are identical to the Amamoor Beds further east, even 
if their metamorphic grade is slightly higher (see Chapter 6). 
Undifferentiated greenstone (Pzgr) 
Mafic greenschist occurs within the southern exposures of the Gallangowan granodiorite 
and along its eastern boundary in the north. It consists of either chlorite-actinolite-albite 
schist or hornblende-albite(?) amphibolite. In the latter the feldspar is strongly 
sericitised. The rock is strongly foliated with a strong extension lineation defined by 
alignment of amphibole and boudinaged veins. These greenstones plot in the basalt 
field of theTAS diagram and show tholeiitic to mildly calc-alkaline affinities (Figure 
3.3). 
Undifferentiated mica schist (Pzqg) 
Crenulated quartz-mica schist occurs associated with the Gallangowan granodiorite just 
west of Gallangowan township. It consists of quartz-feldspar-muscovite-biotite-garnet 
schist with a dominant spaced (1-2mm) crenulation cleavage defined by alignment of 
biotite flakes. This fabric is overprinted by small open folds with steep axial planes. 
PLATES 
Amamoor Beds 
A. Interbedded quartz-arenite/shale, typical for the eastern succession. (#766544) 
B. Thinly bedded slate, typical for the western succession. (#490618) 
C. Microphotograph of pressure solution bands defining cleavage in slate. (#441733, plane polarised light, 
0.25mm scale bar) 
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The lithology, fabric and structural position of these rocks is similar to quartz-mica 
schists mapped in the contact aureole of the Claddagh granodiorite by Little (in prep.). 
Therefore the mica schist is correlated with these rocks. 
EARLY PERMIAN MARINE SEDIMENTARY UNITS 
Marumba Beds (Pmb) 
The Marumba Beds occur within the central part of the NDB and along its western 
margin. They are faulted against the Esk Trough by the North Pine Fault system, and 
against the Jimna Phyllite, Gallangowan Granodiorite and Amamoor Beds by a low 
angle thrust fault. The unit is intruded by various Triassic granitoids and the Late 
Permian Monsildale Granodiorite. 
59 
The rocks consist of volcano-lithic lithologies occurring either as thick monotonous 
successions of lithic sandstone (greywacke) and subordinate siltstone, or as well­
stratified units consisting mainly of matrix-supported polymictic conglomerate (Plate 
9A) and sequences of thinly bedded siltstOQ.e/sandstone. Basaltic andesites in the 
Cowwah region (#330670) are also interpreted as a part of the Marumba Beds. Even in 
the strongly stratified succession, fine scale bedding laminations are not commonly 
preserved within the layers. The fine fractions are grey-green coloured, strongly 
indurated, and slightly metamorphosed. The matrix-supported conglomerates are poorly 
sorted with moderately rounded clasts up to 90cm in diameter (Plate 9B, C). They 
contain thin interbeds of finer grained, clast-supported conglomerate with moderately 
well sorted, slightly imbricated pebbles up to 1-2cm in diameter. Clasts in both matrix­
supported and clast supported units consist mainly of andesitic to rhyolitic volcanics, 
but also contain lithologies characteristic of the adjacent metamorphic basement rocks. 
The basement component consists of either small, fine grained quartzite (metachert) 
pebbles or larger cobbles and boulders of granodiorite similar to the Late Carboniferous 
Yabba Creek Granodiorite. One of these granitoid pebbles has yielded a K/Ar 
amphibole age of318±4Ma (Appendix Ill). No lithologies that are characteristic of the 
lower plate units of the basement rocks, such as epidote blueschist facies mafic rocks or 
serpentinite, have been found as clasts in the Marumba Beds. 
The coarser clastic sediments contain abundant scour channels, flame structures, and 
soft sediment deformation structures, but generally lack traction current structures. 
Poorly preserved, ex situ, marine macrofossils reported from one locality (Thomas, 
1981) and crinoid fragments found in drill-core (Murphy eta/., 197 6 )  are the only 
fossils found so far in the Marumba Beds. The general absence of fossils and trace 
fossils, the general immaturity of the sediments, the general absence of traction current 
structures, the abundant soft sediment deformation, the colour of the rocks and the lack 
of weathering in the clasts, indicates a rapidly subsiding, unstable environment of 
deposition, that is probably marine, and with accumulation below wave base. 
60 Chapter 3 
All rocks are slightly metamorphosed to anchizonal conditions (see Chapter 4) and 
contain an incipient cleavage defined by narrow pressure solution bands developed 
locally in the finer grained rocks. Bedding is usually moderately dipping. 
The age of the Marumba Beds is poorly constrained to Early Permian. Poorly preserved 
macrofossils only indicate a general Permian age (Parfrey, pers.comm.). Late 
Carboniferous granitoid clasts in the conglomerates provide a lower age constraint. The 
folded units are intruded by the Monsildale Granodiorite, which contains two KJ Ar 
dates of -253Ma (Murphy eta/., 1976; this study). One volcanic clast in the 
conglomerate yielded a whole rock age of24 9±3Ma, but this date probably reflects 
partial resetting by nearby Triassic intrusions. 
Kandanga Creek Megabreccia (Pkm) 
A small fault-bounded block of unusually coarse clastic rocks, named here the 
Kandanga Creek Megabreccia, is exposed along upper Kandanga Creek (between 
#442764 and #456771). It is faulted against simply deformed, low grade, interbedded 
siltstone/ metasandstone to the west and serpentinite-matrix melange to the east. It is 
unconformably overlain by Middle to Late Triassic Volcanics and intruded by several 
small granitic intrusions of probable Triassic age. 
The unit consists of a matrix-supported conglomerate with poorly sorted, angular to 
subrounded, clasts up to 1Om in diameter in a poorly sorted conglomerate/greywacke 
matrix. The clasts consist mainly of andesitic volcanics and volcaniclastics, that show 
strong epidote-chlorite alteration. Large clasts of pelitic rocks identical to those in the 
adjacent unit are abundant, particularly close to the contact with that unit (Plate 1 OA). 
Pebble to cobble size clasts of foliated, chloritic granodiorite are less common (Plate 
1 OB). These clasts are very similar to an exposure of Late Carboniferous Gallangowan 
Granodiorite that is faulted against the adjacent pelitic unit further upstream. Like the 
Marumba Beds, the Kandanga Creek Megabreccia does not contain clasts of serpentinite 
or other lower plate units. 
The rocks are indurated and slightly metamorphosed although it is difficult to 
distinguish contact metamorphic effects from regional metamorphic effects in this body. 
Bedding is poorly defined; any laminations present tend to drape around the large clasts. 
Interbedded sandstones and finer grained conglomerates are rare, but where present, 
indicate that bedding within the unit is subvertical. 
The unit is unfossiliferous and its age is constrained only by the clasts of Late 
Carboniferous granodiorite, the unconformably overlying Triassic andesites and 
rhyolites, and the intrusive. Triassic plutons. The Kandanga Creek Megabreccia is 
tentatively correlated with the Marumba Beds on the basis of the conglomerate 
composition and texture, plus the colour, slight metamorphism, and low degree of 
structural complexity. 
PLATE9 
Marumba Beds 
A. Matrix supported cobble conglomerate in Scotchman Gully. (#437529) 
B. Pebble conglomerate and sandstone in the stratified succession. (#440532) 
C. Photomicrograph ofmatrix-supported conglomerate, showing rounded pebbles in a matrix of angular 
clasts. (#454524, plane polarised light, l mm scale bar) 

PLATE 10 
A 
Kandanga Creek Megabreccia 
A. Phyllite-dominated breccia in Kandanga Creek. (#445764, photo by R.J.Holcombe) 
B. Foliated granite clasts in Kandanga Creek Megabreccia. (#443763, photo by R.J.Holcombe) 
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Upper Kandanga Creek exposures (Pkm?) 
A small exposure of lithologies similar to those described for the Marumba Beds occurs 
in the upper reaches of Kandanga Creek, some 5km west of the Kandanga Creek 
Megabreccia. The rocks consists of coarse, matrix supported conglomerate with angular 
to sub rounded clasts of interbedded metasandstone/slate, foliated granodiorite and 
altered andesitic volcanics in a poorly sorted clay-rich matrix. The clasts are mainly 
cobble sized, but boulders up to 1.3m in diameter occur also. 
Further downstream, a sequence of Triassic, altered andesitic volcanics and 
volcaniclastics (Trv) lies unconformably on an exposure of Gallangowan Granodiorite. 
The relationship of the conglomerates with these volcanics is not exposed. However the 
clast size, composition and texture of the conglomerates are more similar to the 
Kandanga Creek Megabreccia, with which they are correlated. 
Cambroon Beds (Pcb) 
The Cambroon Beds is a new name defined in this study for the Permian component of 
the Amamoor Beds. The western boundary of the Cambroon Beds is a steep fault that 
has emplaced the cleaved Permian rocks against similarly cleaved Booloumba Beds. 
Although well exposed, the boundary is difficult to define because of lithologic and 
fabric similarities on both sides. The eastern boundary of the Cambroon Beds _with the 
Early Carboniferous units of the Amamoor Beds is poorly exposed and not well defined. 
Lithologies and style of deformation in the two units are very similar, and the location 
of the bounding fault shown in Figure 3. 1 is based loosely on the known distribution of 
Permian fossils. The Cambroon Beds are intruded by the Triassic Tungi Creek 
Granodiorite and Neurum Tonalite, and unconformably overlain by the Late Triassic 
North Arm Volcanics and Tertiary basalts of the Maleny plateau. 
The age of the unit is constrained by the occurrence of an Early Permian marine 
macrofossil assemblage (Murray et al., 1979) at two localities, and confirmed by one 
locality yielding Permian Radiolaria consistent with an Early Permian age (Ishiga, 
1990). 
The Cambroon Beds consist of argillite, locally calcareous, greywacke, pebble 
conglomerate and pebbly sandstone, haematitic siltstone, and minor basaltic to andesitic 
volcanics. The dominant rock type is argillite, with dispersed clasts of small, angular 
quartz and plagioclase grains. Polymictic pebble conglomerates and lithic arenites 
occur as intercalated thin beds. The conglomerates are clast supported with an 
argillaceous matrix; clasts are subrounded, poorly sorted, and moderately imbricated, 
and consist of undeformed fine-grained sediments, recrystallised chert, basaltic to 
andesitic volcanics, and vein quartz (Plate llA). Locally the arenites contain dispersed, 
rounded pebbles up to 4cm in diameter (Plate liB). Haematitic siltstone units with 
graded bedding on a scale of l-5mm and with dispersed fragments of quartz and chert, 
are common. These haematitic units locally contain spherical radiolarian(?) tests. 
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Figure 3.10 Equal area stereographic projection of slaty cleavage in Cambroon Beds. 
Volcanics are subordinate and consist of basalt, and pebbly andesitic volcaniclastics. 
The basalt occurs as a single subunit, and although massive and fresh in outcrop, it is 
strongly haematitic in thin-section, and contains abundant small, calcite-filled vesicles. 
The andesitic volcaniclastic units are more common in the southern part of the 
Cambroon Beds and consist dominantly of subangular fragments (<1cm) of plagioclase, 
andesite?, and minor argillite. The rocks are indurated and slightly altered to an 
epidote-chlorite-rich assemblage. These andesitic lithologies are very similar to those 
found in the Cedarton Volcanics (see below). 
Of all the Permian units discussed, the Cambroon Beds are the most deformed, 
possessing a well developed slaty cleavage, locally with polydeformational fabrics. The 
steep slaty cleavage trends north-northwest parallel to bedding which is commonly 
poorly defined (see stereographic projection in Figure 3.10). In the fine grained rocks 
the foliation is a continuous slaty cleavage defined by the alignment of mica flakes and 
flattened detrital grains. In the coarser sediments, including the conglomerates, the 
fabric is defined by pressure solution lamellae that wrap around, and partially dissolve, 
the larger grains. Very fine (<0.5rnm) late deformational quartz extension veins occur 
at high angle to the cleavage. Locally a spaced crenulation cleavage overprints the slaty 
cleavage at a high angle (Plate 11 C) and is axial planar to small scale (<Scm) folds. 
Cedarton Volcanics (Pcv) 
The Cedarton Volcanics occur immediately south of the Cambroon Beds, separated only 
by a thin strip of Tertiary basalt. The unit was not mapped in detail for this study but local 
exposures have been examined for correlation purposes as the rocks contain Early Permian 
marine macrofossils (Murphy eta/., 1976). The unit consists of a series of coarse 
volcaniclastic sediments and basaltic to andesitic lavas, that are strongly altered to a fine­
grained epidote- and chlorite-rich assemblage. The rocks are indurated, and contain a 
A 
Cambroon Beds 
PLATE 11 
B 
A. Foliated pebbly sandstone at Charley Moorland Park. (#652557, photo by R.J.Holcombe) 
B. Microphotograph of clast supported pebble conglomerate in Booloumba Creek. (#647523, plane 
polarised light, lmm scale bar) 
C. Microphotograph of spaced crenulation cleavage in pebbly sandstone at Charley Moorland Park. 
(#652557, plane polarised light, 0.25mm scale bar) 
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weak discontinuous steep cleavage. Bedding is poorly defined but, where observed, is 
steeply dipping. The occurrence of Early Permian marine macrofossils, the nature of 
the lithologies and deformation suggest correlation of this unit with the Cambroon Beds. 
Undifferentiated dykes (PTrd) 
Dolerite dykes are abundant in the Gallangowan Granodiorite. They consist of fine to 
medium grained black dolerite, that occurs in steep 0.2-2m wide dykes (Plate 12A). 
Small scale brittle faulting commonly offsets these dykes by a few em to 2m. 
Microscopically the dolerite shows intersertal texture and consists of strongly altered 
plagioclase laths, clinopyroxene, hornblende and interstitial quartz. Epidote-chlorite 
alteration is moderately strong throughout the unit. 
Whole rock geochemistry reflects the low potassium, tholeiitic character of the dykes 
(discussed in Chapter 7). Their trace element composition contrasts strongly with the 
calc-alkaline signature typical of Triassic volcanics in the area, but is comparable to 
volcanics within the Early Permian units of the region. The age of the dykes is post­
Late Carboniferous, but not otherwise constrained and, on the basis of composition, they 
are correlated with the Early Permian volcanics. 
TRIASSIC ROCKS AND VOLCANICS AND TERTIARY BASALT 
Triassic sedimentary successions occur adjacent to the NDB. These are the elongate 
NNW trending Esk Trough to the west and the Triassic part of the Gympie Group to the 
east. The former is represented in the study area by two formations, the Neara 
Volcanics and Bryden Beds. Of the latter, the Keefton Formation and Kin Kin Beds are 
exposed in the study area. 
Triassic volcanics form high plateaus that unconformably overly the older metamorphic 
rocks of the NDB. Most of these volcanics are undifferentiated, except for the 
Bellthorpe Andesite and North Arm Volcanics in the southeastern study area. The only 
younger rocks present in the study area are isolated remnants of Tertiary basalts. 
Several of these in the southeastern part of the study area are probable outliers of the 
Maleny plateau basalts. 
Neara Volcanics (Trn) and Bryden Beds (Trb) 
The sediments of the Esk Trough are faulted against the western edge of the NDB and 
the Kingaham Granodiorite by the North Pine Fault system. Locally the boundary is a 
moderately west-dipping unconformity, such as west of Yednia, and north of 
Manumbar. The sediments dip moderately to the west parallel to the unconformity. 
Lithologies include pebble to boulder conglomerate with interbedded feldspatholithic 
sandstone and black shale. The conglomerates consist of moderately imbricated clasts 
of andesitic volcanics, quartzose sandstones, quartzite and smaller clasts of greenschist 
and other basement rocks in a sandy matrix. The rocks are neither metamorphosed, nor 
do they contain a pervasive cleavage. 
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As summarised by Murphy et al. (1976), macrofloral assemblages in the Neara 
Volcanics indicate a general Triassic age for this unit, narrowed down to Early to 
Middle Triassic by K/Ar dates on andesites of241±11Ma and 242±8Ma. The Bryden 
Beds are unfossiliferous in the Gympie sheet area, however correlation with lithologies 
in the Ipswich sheet area suggests also a Early to Middle Triassic age for this unit. 
Keefton Formation (Trkf) and Kin Kin Beds (Trk) 
The Kin Beds and Keefton Formation, along with the Traveston Formation, comprise 
the Triassic succession of the Gympie Group. The southernmost exposure of these units 
extends into the north-eastern comer of the study area, where they are faulted against the 
Amamoor Beds. The Kin Kin Beds are unconformably overlain by the North Arm 
Volcanics. The units were not remapped during this study, and are described in detail 
by Murphy et al. (1976), Murray (1987), and recently by Scott et a/.(1991) and Scott 
and Cranfield (1993). 
The Kin Kin Beds consist of phyllite interbedded with fine-grained silty arenite and rare 
pebble conglomerate. They contain a cleavage, and are metamorphosed to lower 
greenschist facies. The Keefton Formation is a coarser, locally conglomeratic unit at the 
base of the Triassic sequence. The age of the units is confined by the Late Triassic 
North Arm Volcanics, and by Early Triassic ammonites in the Traveston Formation, 
which forms the basal part of the Kin Kin Beds (Murray, 1987). 
North Arm Volcanics (Trnv) 
The North Arm Volcanics occur in the easternmost part of the study area at Kenilworth 
Bluff and southeast of Gheerulla, and were not mapped in detail for this study. They 
form prominent ridges and hill cappings over open undulating country. Murphy et al. 
(1976) describe the unit as a series of andesitic flows and tuff with interbedded chert, 
jasper and shale, overlain by rhyolite, trachyte, tuff and shale. The unit unconformably 
overlies the Amamoor Beds, Cambroon Beds and the Early Triassic Kin Kin Beds. 
Bedding dips gently to the south, but is moderately steep in the Nambour area. 
Microfloral assemblages indicate a Late Triassic age for shales from the uppermost part 
of the North Arm Volcanics. This age is supported by K/Ar ages of213±8Ma from 
near Glass House Mountains township (Murphy et al., 1976) and 217±2Ma from Mt 
Ninderry (Ashley and Andrew, 1992). 
Bellthorpe Andesite (Trba) 
The Bell thorpe Andesite forms a high plateau of about 40km2 extent in the southeastern 
corner of the study area. It was formally described by Murphy et al. (1976), defining 
the type area along the Bell thorpe-Woodford road. It is positioned directly above the 
Neurum Tonalite. Murphy et al. (1976) report contact metamorphic effects in the 
Bellthorpe Andesite near its contact with the intrusion, however these effects were not 
confirmed by this study. The unit unconformably overlies undifferentiated Palaeozoic 
rocks, and is in turn unconformably overlain by Tertiary Volcanics. 
PLATE 12 
B 
A. Steep, faulted andesite dykes in Gallangowan Granodiorite. (#461658) 
B. Angular unconformity at the base of andesitic volcanics overlying Gallangowan Granodiorite. (#420773) 
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The only rock type found in this unit is a monotonous, dark grey, porphyritic andesite 
lava. It consists of plagioclase, altered pyroxene and less common hornblende 
phenocrysts in a fine-grained felty matrix. The plagioclase is euhedral, clear to mildly 
altered and in some localities zoned. Its composition ranges from An55 to An60. The 
pyroxene is fully altered to chlorite and epidote, but retains its euhedral to subhedral 
shape. Whole rock geochemistry on these rocks is compatible with andesitic 
composition and shows the calc-alkaline affinity typical of Triassic volcanic units in the 
central NDB (Figure 3. 11 ). 
The andesite is mapped as a thin subhorizontal sheet, less than 200m thick (Murphy et 
al., 1976), and lacks any evidence for pervasive internal deformation or regional 
metamorphism. Its uniform lithology and very constant trace element composition 
across the outcrop area (see Chapter 6) suggests eruption during a short time span, 
conceivably even one eruption. 
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Figure 3.11 A. TAS classification diagram (Le Maitre, 1984) and; B. AFM differentiation diagram for 
Triassic volcanics. 
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The age of the Bell thorpe Andesite has previously been interpreted as "probable Early 
Permian" by Murphy eta/. (1976) on the grounds of the apparently intrusive 
relationship of the Neurum Tonalite, and apparent lithological similarities with the Early 
Permian Cedarton Volcanics. However, I would like to suggest a Late Triassic age for 
the following reasons: 
1. The andesite contrasts strongly with the foliated, epidotised, basaltic volcaniclastic 
rocks of the Cedarton Volcanics. The calc-alkaline geochemical signature also 
contrasts with the tholeiitic signature of these volcanics. Therefore no similarities 
exist between the two units. 
2. The reported intrusive contact with the Neurum Tonalite and associated 
metamorphic effects could not be confirmed. The contact metamorphic aureole of 
the intrusion is strong elsewhere, with amphibolite facies metamorphism in 
metabasites up to 500m away from the contact. The Bellthorpe Andesite is only a 
thin unit (<200m), and, if intruded by the Neurum Tonalite, should show at least 
some evidence of contact metamorphism. Its absence together with the 
sub horizontal orientation of the andesite suggests an unconformable relationship 
between the two units. 
3. The andesite is lithologically and geochemically similar to andesites within a Middle 
Triassic volcanic unit (Trv) near the headwaters of Kandanga Creek and the Late 
Triassic North Arm Volcanics. However, as it apparently postdates the Neurum 
Tonalite, dated at 228Ma (Murphy eta/., 1976), it is here tentatively correlated with 
the North Arm Volcanics. 
Middle to Late Triassic volcanics (Trv) 
Rhyolitic to andesitic volcanics occur in the northwestern part of the study area. They 
form a high plateau that extends north to upper Widgee Creek, but also includes isolated 
hilltop outcrops to the south of the main plateau, and exposures along upper Kandanga 
Creek. The volcanics unconformably overly Palaeozoic metamorphic rocks, 
Carboniferous granitoids and the northern end of the Kingaham Granodiorite. These 
rocks were previously mapped as Neara Volcanics (Murphy eta/., 1976). However, 
they are treated separately in this study, as their relationship with the Neara Volcanics is 
not resolved, and they are, at least in part, younger than that unit. 
Upper Kandanga Creek exposes light green epidotised andesitic volcanics above a well 
exposed shallowly dipping unconformity with an exposure of the Carboniferous 
Gallangowan Granodiorite (Plate 12B). The volcanics consist of andesite lava with 
interbedded fine-grained volcanic conglomerate of andesitic composition. The andesite 
contains phenocrysts of euhedral plagioclase laths, small clinopyroxene crystals, and 
amphibole altered to chlorite, in a fine-grained felty plagioclase dominated matrix. Fo.r 
most of its outcrop area the andesite is strongly altered by chlorite, epidote, sericite and 
calcite. The volcanic conglomerate is supported by poorly sorted, angular to 
subrounded grains, up to 4mm in size, consisting of andesite, dacite, and to a lesser 
amount chert, deformed quartz, and rounded clear quartz. Epidote-chlorite alteration is 
pervasive throughout this rock type. 
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The volcanic rocks in the hills above the upper Kandanga Creek are slightly more acidic 
in composition. They dominantly consist of dacite with minor andesite, flow-banded 
rhyolite and rhyolitic tuff. The dacite contains K-feldspar, sodic plagioclase and less 
commonly chloritised amphibole phenocrysts in a groundmass of feldspar and minor 
quartz. The andesite is indistinguishable from the less altered andesites of the creek 
exposures (described above), and the rhyolite is fine grained with phenocrysts of K­
feldspar, rare amphibole and quartz. Strongly oxidised welded tuff occurs as small 
resistant outcrops near the top of the unit. 
Geochemically, the volcanics along the creek and on the plateau, are similar. TheTAS 
classification diagram (Figure 3.11) shows the range of andesitic to rhyolitic 
compositions of the volcanics, and the slightly more acidic composition of the hilltop 
exposures. Rocks from both exposures are strongly calc-alkaline. Their composition is 
very similar to that of the Bell thorpe Andesite, which is plotted for comparison on the 
diagrams. Trace element compositions of both units are very consistent, and highlight 
the strong calc-alkaline affinities of these rocks (see Chapter 6). 
In the northern NDB Little (in prep.) correlated andesitic flows occurring northwest of 
Manumbar with the Kandanga plateau exposures. These rocks unconformably overlie 
the Neara Volcanics and contain an Ar/Ar plateau age of 228.42±0.6Ma (Little eta!., 
1993a). Two K/Ar dates, from the head ofWidgee Creek at 232±4Ma (Murray, 
unpublished data) and from upper Kandanga Creek at 229±3Ma, support this 
correlation, at least for part of the volcanics. However, andesite from the hilltops above 
the upper Kandanga Creek exposures yielded a whole rock K/Ar age of 240±3Ma, 
which is compatible with ages from the Neara Volcanics (241±11Ma and 242±8Ma, 
Murphy eta!., 1976). Therefore, the Middle to Late Triassic Volcanics in the upper 
Kandanga/Widgee region and Esk Trough comprise at least two lithologically and 
geochemically similar phases, separated by a folding event which produced the angular 
unconformity between the Neara Volcanics and the overlying andesites of the younger 
phase. 
Felsic dykes and lavas near Monsildale intrude the northern end of the Monsildale 
Granodiorite, and unconformably overly the Neara Volcanics to the west. This implies 
a post Early Triassic age for these rocks, which are therefore tentatively correlated with 
the above described volcanics. The dykes and lavas consist of phenocrysts ofK­
feldspar and amphibole(?) set in a medium grained groundmass of feldspar, quartz and 
amphibole(?). The mafic minerals are completely replaced by chlorite. 
Tertiary volcanics (Tv) 
The Tertiary basalts of the Maleny plateau extend into the southeastern part of the study 
area, and also include isolated exposures further west. They form a horizontal sheet, 
unconformable over all other rocks, and consist dominantly of deeply weathered olivine 
basalt. Further isolated outcrops occur throughout the northern study area, where they 
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are marked by deeply weathered red soils, often with dense rainforest cover. Southeast 
of Gallangowan outcrops of grey billy are associated with these basalts. 
GRANITOID INTRUSIONS 
Two distinct suites of granitic intrusions occur the NDB. These suites differ in age, 
deformational style, mineralogy and geochemistry (Chapter 6). The older of the two 
comprises a series of Carboniferous, variably deformed, garnet bearing, 
biotite±hornblende granodiorites and granites, exposed in the allochthonous sheet of the 
Claddagh Thrust fault. The younger suite is more widespread and consists of 
undeformed, more alkali-rich granodiorite of Permian to Triassic age, intruding into the 
metamorphic units and Permian sediments. 
Carboniferous Granitoids 
Gallangowan Granodiorite (Cgg) 
Variably foliated, biotite-rich, garnet-bearing granitoids occur in three discrete areas in 
the study area: around the township of Gallangowan, in upper Kandanga Creek, and 
further south in the region drained by the deep gorges of the Yabba, Kingaham and 
Mudjimba Creeks, which also contain the best exposures of this unit (Plate 13A). The 
most northwesterly of the three exposures has been defined as the Gallangowan 
Granodiorite (McNaughton, 1973) which is compositionally similar to, and almost 
continuous with, the Claddagh Granodiorite in the northern NDB. The Triassic 
Kingaham Creek Granodiorite separates the other areas of foliated granitoid from the 
Gallangowan Granodiorite, but the compositional and textural similarities to the main 
Gallangowan body suggest that these are equivalent, and all three exposures are 
therefore collectively referred to as Gallangowan Granodiorite. 
Several phases of intrusions are recognised in the unit. Foliated, locally porphyritic 
granodiorite is the most common, but an earlier, more strongly foliated phase occurs in 
coherent outcrops, as well as in abundant xenoliths. Minor leucocratic bodies are also 
present. Granitoid fabrics range from unfoliated to mylonitic, the latter being 
particularly widespread along the eastern margin of the southernmost body. The fabrics 
are consistent with syn-kinematic intrusion into an actively deforming, subhorizontal 
shear zone (discussed in Chapter 6). 
The earliest phase in the Gallangowan Granodiorite is now a chloritised, biotite 
granodiorite. In outcrop, it is a medium grained, grey to white, non-porphyritic, banded 
rock with a steep folded foliation defined by mica and quartzJfeldspar rich domains 
(Plate 13B). It contains uncommon amphibolite xenoliths. In thin section, the texture 
of the rock is granular, with feldspar and quartz occurring as equidimensional grains. 
Quartz has straight to serrated edges and moderately developed undulose extinction. 
The K-feldspar is moderately to strongly sericitised. Biotite is the only mafic mineral 
present. It is partly to fully chloritised and concentrated in thin, l -2mm wide, bands. 
The foliation is defined by these bands and by the alignment of individual biotite grains 
parallel to them. Garnet occurs as a common accessory mineral. 
PLATE 13 
Gallangowan Granodiorite 
A. Exposure of foliated granodiorite in Kingaham Creek. (#465660) -· 
B. Early, veined and foliated phase of biotite-granodiorite. (#463625) 
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The most abundant phase of the Gallangowan Granodiorite is a mediwn to coarse 
grained (2-5mm) grey, foliated granodiorite. This rock is locally porphyritic, with the 
alignment of plagioclase phenocrysts defining the foliation (Plate 14A). Xenoliths of 
the early phase are locally abundant (Plate 14B). Other xenoliths include metasediment 
and amphibolite. Its microscopic texture is equigranular to mildly porphyritic. Quartz 
occurs as elongate grains with serrated edges and well developed undulose extinction. 
Fluid inclusion trails are abundant. The feldspar is somewhat finer grained and strongly 
altered to sericite. The only mafic mineral is partially chloritised biotite, occurring in 
clusters. Garnet is a common accessory mineral. The foliation in this phase is defined 
by the alignment of feldspar laths, elongate quartz grains and biotite clusters. 
The age of the Gallangowan Granodiorite is constrained by several K/Ar and 40Aff39Ar 
ages. A biotite K/Ar date at Gallangowan of320±10Ma (McNaughton, 1973) is 
supported by a new biotite age from Kingaham Creek of316±4Ma. A 239±10 Ma K/Ar 
age on the upper Kandanga Creek exposure (Murphy eta/., 1976) probably reflects 
resetting during intrusion of the nearby Triassic granites. The Late Carboniferous ages 
correlate reasonably well with an 40Arf39Ar hornblende age of -306 Ma (Little eta/., 
1992) for the Claddagh Granodiorite. 
Polydeformed amphibolite (Pzgr) and quartz-biotite-muscovite±garnet schist (Pzqg) are 
commonly preserved as remnants of contact aureole rocks, the most extensive area 
occurring around the Gallangowan body. Although the relationship between these 
aureole rocks and the other units is ambiguous in the central NDB, in the northern NDB 
such amphibolite facies aureole rocks are found to merge with the regional greenschist 
facies lower plate rocks (Little eta/., in prep.). 
Yabba Cr eek Granodiorite (Cyg) 
The Y abba Creek Granodiorite is a new name proposed for two small intrusions 
occurring immediately to the east of the southern extension of the Gallangowan 
Granodiorite. Its total outcrop area is about 3km2. The best exposures are in Yabba 
Creek just above the junction with Ante Borgan Creek (#491624 to #477621). The unit 
boundaries with the Gallangowan Granodiorite and Amamoor Beds are not well 
exposed. A Kl Ar age on hornblende yielded a Late Carboniferous age of 317±3Ma. 
The same sample dated with the Ar/ Ar stepwise heating technique yielded an intercept 
age of 302±4.3Ma with a possible oldest step of 31 0±0.6Ma (Appendix III). As there is 
no apparent contact aureole, and the age is similar to the adjacent Gallangowan 
Granodiorite, the unit is interpreted to be part of the Gallangowan assemblage, and in 
possible fault contact with the Amamoor Beds. 
The intrusions consist of uniform grey, medium-grained, massive to slightly foliated 
hornblende-biotite granodiorite. Thin sections show a granular, non-porphyritic texture. 
Quartz occurs as anhedral grains, and comprises 22-28vol% of the rock. It shows well 
developed subgrain-boundaries with serrated edges aligned parallel to the foliation. 
Fluid inclusion trails are abundant. Feldspars are strongly altered, so that further 
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differentiation into K- and Na-rich varieties is impossible. Biotite is the dominant mafic 
mineral, is partly chloritised and shows some deformation. Hornblende is common, and 
its presence is used to differentiate the Y abba Creek from the Gallangowan 
Granodiorite. Accessory phases are garnet, zircon and minor opaque oxides. Locally 
the rocks developed mild epidote-chlorite alteration and green rims around the 
hornblende. 
Permian-Triassic Granitoids 
Kingaham Creek Granodiorite (Trkg) 
The Kingaham Creek Granodiorite is a large intrusion of 250 km2 in the northern part of 
the study area. It has been named and informally described by Lewis (1967) and 
McNaughton (1973}. The outcrop area forms flat to hilly open cattle and deer grazing 
country, with some open eucalypt forest. It intrudes the Amamoor Beds, Marumba 
Beds and older Carboniferous Granitoids. It is unconformably overlain by 
undifferentiated Late Triassic and Tertiary volcanics, and faulted against the Esk 
Trough. Biotite K/Ar dating in the intrusion indicates two age groups of 220, 221Ma 
and 239±7, 242±10Ma (Murphy et al., 1976). This split in ages may indicate the 
presence of more than one intrusion. 
The main rock types are grey, equigranular to weakly porphyritic hornblende-biotite 
monzogranite and granodiorite. The samples are generally massive and holocrystalline, 
but RS222 shows signs of post-cooling, small-scale, brittle deformation. Plagioclase 
(35-50vol.%) occurs as large (up to 5mm) subhedral laths that show normal or 
oscillatory zoning. K-feldspar consists of smaller anhedral grains that are usually 
strongly altered, and show microperthitic texture. Quartz is interstitial or anhedral, and 
developed slight undulatory extinction. Biotite is partially to fully replaced by chlorite, 
and forms small anhedral grains in clusters associated with hornblende and opaques. It 
contains small inclusions of apatite. Green hornblende occurs in subhedral grains. 
Accessory minerals include chlorite, oxides and apatite. 
Kimbala Granodiorite (Trldg) 
The Kimbala Granodiorite is a small intrusion of 40 km2 extent north-west of Jimna. It 
intrudes the Marumba Beds, and terminates against a splay of the Great Moreton Fault 
system in the north. Reversing the post-Triassic movement on this fault suggests that 
the Kimbala Granodiorite is an extension of the Kingaham Creek Granodiorite. The 
intrusion was originally named by McLeod (1954) and formally defined by Murphy et 
a/. (1976). Most of its outcrop area forms open cattle country or eucalypt forest. 
Medium to coarse grained, equigranular to slightly porphyritic biotite-hornblende 
granodiorite and monzogranite dominate the intrusion. Plagioclase occurs as subhedral 
laths up to 5mm long, and exhibits strong oscillatory zoning. K-feldspar forms small 
anhedral or interstitial grains, that are strongly altered and have microperthitic texture. 
Quartz occurs as small anhedral grains with clear to undulose extinction. Biotite is 
PLATE 14 
B 
Gallangowan Granodiorite 
A. Foliated porphyritic granodiorite. The subsolidus foliation is defined by the alignment of plagioclase 
phenocrysts. (#459656) 
B. Xenoliths of early:; · . .  �.foliated phase in main phase granodiorite. (Yabba Creek) 
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generally fresh or moderately altered to chlorite. It forms medium sized subhedral 
grains and contains inclusions of zircon. Hornblende is green and occurs in small 
subhedral crystals, spatially associated with clusters of biotite and oxides. Accessory 
minerals include sphene, oxides, apatite and zircon. 
Tungi Creek Granodiorite (Trtg) 
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This intrusion occurs between Jimna and Borumba Dam and covers an area of 110 km2. 
The outcrop area is open cleared country used for cattle and deer grazing. Outcrop is 
best along creek beds and on isolated hilltops. The Tungi Creek Granodiorite intrudes 
the Jimna Phyllite, Booloumba Beds, Cambroon Beds, Amamoor Beds and Marumba 
Beds. A radiometric KJ Ar date on biotite yielded an age of 226±6Ma (Murphy et al., 
1976). 
The intrusion consists of a coarse grained, light grey granodiorite with equigranular to 
slightly porphyritic subhedral texture. It consists of plagioclase, K-feldspar and quartz, 
forming zoned subhedral, anhedral and interstitial grains of varying size respectively. 
Mafic minerals include partly chloritised biotite and hornblende. Some hornblende 
grains contain cores of pyroxene. Sphene, apatite and opaques occur as accessory 
minerals. Diffuse xenoliths of an earlier more basic phase occur in the intrusion. 
Neurum Tonalite (Trnt) 
The Neurum Tonalite is the southernmost of the Permo-Triassic intrusions exposed in 
the study area. It is situated south of Booloumba and reaches from Kilcoy in the west to 
Commissioners Flat in the east. It was first named by Mathews (1955). The total 
outcrop area is about 500 km2 In the study area the intrusion forms a high plateau of 
open hills covered by open to dense dry sclerophyll forest, giving away to the wide open 
valleys of the Mary and Stanley Rivers. The Neurum Tonalite intrudes the Jimna 
Phyllite, Booloumba Beds, Cambroon Beds and Cedarton Volcanics. It has a well 
developed contact aureole resulting in amphibolite facies hornfels in the Peters Creek 
Greenstone, for example at #643431. It is unconformably overlain by Tertiary 
Volcanics in the Conondale Range region, rocks of the Nambour Basin southeast of the 
study area, and probably by the Bell thorpe Andesite. A biotite Kl Ar date yielded 
228±2Ma (Murphy et a/., 1976). 
Two rock types are dominant in the intrusion (summarised from Murphy et al., 1976): a 
fine grained equigranular granodiorite and a porphyritic "tonalite" containing andesine 
phenocrysts up to 5cm in diameter. Distribution of the two phases appears random and 
is probably gradational. The plagioclase is andesine, strongly zoned to oligoclase 
constituting up to 70vol.% of the rock. K-feldspar is almost absent in the porphyritic 
phase, but constitutes up to 20vol.% of the equigranular phase. Quartz content varies 
from 10 to 40vol.% depending of the rock type. Biotite and hornblende, usually altered 
to chlorite, never constitute more than 25vol.% of the rock and augite and hyperstene 
only occur locally. Accessory minerals include zircon sphene, magnetite and secondary 
epidote. Xenoliths are not recorded. 
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The specimen collected during this study is a medium grained partially recrystallised 
grey tonalite. Plagioclase occurs in large subhedral laths with serrated edges, is zoned 
and moderately altered. Microperthitic K-feldspar, and quartz with undulose extinction 
form small anhedral grains. Biotite grains are subhedral, and contain small inclusions of 
apatite. Hornblende occurs as relict anhedral grains. 
Monsildale Granodiorite (Trmg) 
Although smallest in extent ( 15 km2), the Monsildale Granodiorite is the most studied of 
all the Permo-Triassic intrusions in the region. It was defined formally by Murphy eta/. 
(1976). Its type area is situated along Monsildale Creek near Monsildale Homestead 
(552684 to 552686 Australian Yard Grid in Murphy eta!., 1976). The granodiorite 
intrudes the Permian Marumba Beds with a well developed contact aureole. Two 
phases of intrusion were recognised: a northern, apparently younger, homogenous 
granodioritic phase and a southern varied gabbroic to granodioritic phase. Murphy et al. 
(1976) dated biotite from the northern phase at 253± 1 OMa. This date was substantiated 
by a K/Ar date on hornblende at 253±3Ma. However, another K/Ar date on amphibole 
the southern phase yielded an age of 232±3Ma, suggesting that the intrusion is at least 
in part middle Triassic. 
The northern phase consists dominantly of medium grained, grey, equigranular 
granodiorite with small pockets of more basic rocks. The rocks consist of large, 
subhedral grains of plagioclase, with only minor zoning, anhedral quartz and K-feldspar. 
Biotite is strongly chloritised, and the grains often bent. Hornblende occurs in small 
grains. Accessory minerals are magnetite, apatite, zircon and sphene (Murphy et al., 
1976). The sample described here is a fine grained, partially recrystallised granodiorite. 
Zones of fine-grained, unstrained quartz grains with abundant triple junctions occur in 
rims around larger, strained remnant quartz grains. Feldspar forms small anhedral 
grains, while hornblende remains only in poikiloblastic to skeletal form. Biotite is 
largely unaltered and occurs as subhedral laths. Opaques are rare compared to the other 
samples collected. 
The southern phase includes a greater variety of rock types ranging from olivene gabbro 
to granodiorite. Boundaries between rock types seem gradational, however the more 
mafic phases are confined to the western half of the outcrop area. The granodiorite 
consists of plagioclase (zoned, subhedral andesine with altered cores), K-feldspar, 
quartz (anhedral or interstitial), biotite (irregular aggregates, partly chloritised) and 
hornblende (green with cores of augite). The more mafic phases comprise hornblende 
diorite and gabbro, including several occurrences of rare orbicular diorite. The diorite 
consists mainly of euhedral plagioclase laths and green to brown hornblende with minor 
augite, biotite, magnetite, ilmenite and apatite. The gabbro typically contains calcic 
plagioclase, augite, olivene, hornblende with augite cores, magnetite and accessory 
apatite (Murphy et al., 1976). The two samples collected for this study are a medium 
grained quartz diorite with more mafic xenoliths, and a medium to coarse grained 
slightly porphyritic granodiorite. Plagioclase occurs in large subhedralla ths, that are 
zoned. K-feldspar and quartz form small anhedral and interstitial grains. Biotite and 
hornblende are subhedral to anhedral and show moderate chloritisation. 
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Undifferentiated intrusions (Trg) 
Several unnamed Permo-Triassic intrusions are exposed in the study area. In general 
they are small and their rock types are very similar to the nearby larger intrusions. 
These intrusions were not examined in detail for this study. Two small bodies of 
medium grained granodiorite(?) occur in the southernmost outcrop area of the Marumba 
Beds. They are situated on the boundary with the Esk Trough, but it is not clear 
whether this contact is intrusive or unconformable. A roughly circular intrusion of 
about 10 km2 extent crops out between North and South Amamoor Creek. It intrudes 
the Mary Valley Serpentinite and consists of massive, homogenous, pink to grey 
hornblende-biotite granodiorite and monzogranite. On Bella Creek southeast of the 
above intrusion, a small, coarse grained granodiorite intrudes the Amamoor Beds, and 
has a well developed contact aureole (Murphy eta/., 1976) 
Ridgeway (1934) reported two small granitoid intrusions in the Jimna Range near the 
headwaters of Peters and Sunday Creeks. They are strongly weathered and intrude the 
Jimna Phyllite. A well developed aureole grading up to amphibolite facies in the 
surrounding greenschists can be observed on Sunday Creek Road near Jimna Camp 
(#535457). Some minor gold mineralisation is associated with quartz reefs within these 
two intrusions. A further small, unfoliated, granodiorite intrusion occurs in Sandy 
Creek, just north of the Tungi Creek Granodiorite, and hosts minor gold mineralisation. 
Both these intrusions are probably subsurface extensions of the Tungi Creek pluton, as 
is suggested by the regional total magnetic intensity map (Figure 3. 12). 
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Figure 3.12 Total magnetic intensity map of the central NDB. The data is an excerpt from BMR ( 1988). 
The geology is shown for reference. 
CHAPTER4 
TECTONOSTRATIGRAPHY OF THE 
CENTRAL NORTH D'AGUILAR 
BLOCK 
INTRODUCTION 
The central NDB comprises a number of fault-bounded blocks, consisting dominantly of 
low grade, metapelitic rocks of varying structural complexity. The major structural 
controls on the juxtaposition of these blocks are the gently arched Mt Mia Fault and the 
low angle Claddagh Thrust. The Mt Mia Fault is interpreted as a detachment surface, 
which exhumes polymetamorphic rocks in its lower plate, some of which contain 
epidote-blueschist facies assemblages. The Claddagh Thrust imbricates this structure 
further, and exposes Late Carboniferous granitoids, which contain fabrics synt_ectonic 
with the detachment deformation. Both of these faults were defined in the northern 
NDB by Little et al. ( 1992), where footwall-hangingwall relationships are well exposed, 
and metamorphic discontinuities are clearly defined. Both faults can be traced into the 
central NDB, where their traces are interrupted by Triassic plutons and Early Permian 
diamictite-bearing sedimentary successions. 
This chapter will discuss the correlation of the metamorphic units of the central NDB in 
the context of this structural framework. The results of a regional illite crystallinity 
survey, highlighting small differences in metamorphic grade between units, is 
introduced and discussed here, as it proves to be a useful tool for the regional 
correlation. The second major problem addressed in this chapter is the recognition and 
interpretation of the boundaries between the metamorphic units, especially in the 
southern part of the study area, where the tectonostratigraphic relationships are less well 
constrained. 
Detailed interpretations of the ophiolitic components, magmatic components and 
Permian diamictite-bearing sedimentary successions follow in Chapters 5, 6 and 7. 
TECTONOSTRA TIGRAPHY 
Structural framework of the NDB 
The structural relationships of the metamorphic units within the NDB are well defined 
in the northern part of the block, where T.A.Little established them during the early 
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phases of the NDB project. He found that two major low angle faults, the Mt Mia 
detachment fault and the younger Claddagh Thrust, are the major controls on the gross 
structure (Figure 4.1). The metamorphic units are classified with respect to their 
position above or below the Mt Mia Fault, i.e. as upper or lower plate rocks. Lower 
plate rocks are characterised by slightly higher metamorphic grades, including epidote­
blueschist and greenschist facies schists with polydeformational fabrics. Upper plate 
rocks are of anchizonal to lower greenschist facies grade and usually contain a single 
steep slaty cleavage. The allochthonous sheet of the Claddagh Thrust contains rocks 
that can be correlated with the lower plate of the Mt Mia Fault. Elements of Little's 
work that are pertinent to this chapter are summarised below: 
Lower plate assemblages. The Mt Mia Serpentinite-matrix Melange is the most 
extensively exposed unit in the lower plate of the Mt Mia Fault. It forms a gently 
arched sheet with a structural thickness between <1km in the west to >4km in the east. 
The melange consists of lenticular blocks, from millimetres to > 1 km in length, in a 
schistose metaserpentinite matrix. The blocks include serpentinite, mafic schist, quartz­
mica schist, metachert, metagabbro, marble and limestone, relict peridotite and garnet­
amphibolite. The matrix contains the assemblage antigorite-tremolite-magnetite±talc, 
but the metamorphic grade decreases toward the eastern edge of the serpentinite. 
Blueschist facies assemblages occur within massive knockers in the melange. 
Deformation within the serpentinite sheet is heterogeneous. The strongest mylonitic 
fabrics are parallel to, and occur within -100m of, the Mt Mia Fault, while at deeper 
structural levels zones of schistose metaserpentinite anastomose around domains of 
massive or more weakly foliated serpentinite. The presence of a bedded marble unit 
containing pebbles of serpentinite suggests a sedimentary origin for at least part of the 
Lower Plate 
Late Triassic unamed andesitic volcanics 
EarlyTriassic Esk Trough sediments 
C/addagh thrust fault 
simply deformed slate-chert broken formation 
with pillow basalt lenses and steep foliation 
Mt Mia detachment fault 
polydeformed phyllite slice 
serpentinite-matrix melange 
with metamorphic blocks, including 
blueschist 
polydelormed mafic greenschist 
and siliceous phyllite 
Figure 4.1 Structural framework for the northern NDB (from Little eta/., 1993b) 
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melange. The increasing structural thickness and the decrease in metamorphic grade 
across the serpentinite sheet suggests that the Mt Mia Fault originally dipped to the 
west. 
Windows through the serpentinite sheet expose a structurally coherent unit of 
greenschist and epidote-blueschist facies mafic volcaniclastics below a strongly . 
deformed, pre-metamorphic contact. It contains boulders of metabasalt, 
metaserpentinite and metagabbro, up to 70cm in diameter. Locally interlayered pelitic 
schist are identical to rocks preserved as large slabs in the serpentinite. This unit is 
correlated with the Rocksberg Greenstone of the southern NDB. A thin (150m), 
discontinuous unit of polydeformed phyllite occurs immediately above the serpentinite 
sheet. Its dominant fabric is a crenulation cleavage parallel to the Mt Mia Fault. 
Upper plate assemblages. Low grade, simply deformed assemblages occur wedged 
between the Mt Mia Fault and the Claddagh Thrust. These units consist of thinly 
bedded grey and red chert and olive-coloured argillite. Pillow lava, basaltic greenstone 
and hyaloclasite occur as fault bounded lenses. Bedding and clastic grains are well 
preserved within these rocks. Metamorphism reached pumpellyite-actinolite grade in 
the greenstones. Deformation in these upper plate rocks is simple: a steeply dipping 
slaty cleavage overprints layer-parallel stretching. This early stretching resulted in 
boudinaging, fracturing and quartz-veining of the chert layers, producing broken 
formation. Close to the Mt Mia Fault, the fabric is locally overprinted by a 
subhorizontal crenulation cleavage. 
Claddagh thrust sheet. The Claddagh thrust sheet contains several foliated 
Carboniferous granodiorite plutons and their amphibolite facies contact aureoles. In the 
northern NDB these plutons are mapped as the Claddagh Granodiorite. Two major 
intrusive phases are recognised in the pluton. The earlier phase, originally slightly 
peraluminous biotite tonalite and granodiorite, is preserved as a belt of orthogneiss 
along the outer margin of the intrusion. The main phase in the core consists of coarse 
biotite granodiorite. The pluton is interpreted to be syntectonic, because of its 
subsolidus foliation that can be traced into the dominant foliation of the surrounding 
amphibolite contact aureole, granitic pockets that are intruded into dilational pull-apart 
zones between boudinaged amphibolite layers, high temperature deformation and 
recrystallisation textures in plagioclase, and cross-cutting, nearly undeformed granitic 
and pegmatitic dykes. The orthogneiss preserves an earlier high temperature foliation, 
that is transposed into the later dominant deformation. 
Correlation of units in the central NDB 
A median strip of Permian and Triassic rocks divides the metamorphic basement units 
of the central NDB into two groups (Figure 4.2). Units to the north of the median strip 
are continuous with well defined units further north defined by Little (see above), while 
those to the south are more ambiguous in their regional correlation. The northern group 
includes units from both the lower and upper plates of the Mt Mia Fault, as well as the 
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Figure 4.2 Simplified geological map showing the division of the field area into northern and southern 
sections by the median strip of Permian and Triassic rocks. 
southerly extension of foliated Late Carboniferous granitoids exposed in the 
allochthonous sheet of the Claddagh Thrust. 
Mt Mia Serpentinite-matrix Melange. The Mt Mia Serpentinite-matrix Melange is 
exposed within the core of an anticlinorium that plunges gently to the south. It directly 
underlies the Mt Mia Fault, except where the discontinuous Anderson Creek Phyllite 
forms a thin intervening fault slice. It is gently folded into two broad antiforms, the 
Tatamy Arch in the northwest and an unnamed fold in the southeast, which extends into 
the study area. The serpentinite is truncated in the east by a steep normal east-block 
down fault. The subsurface extent of the serpentinite beneath the Amamoor Beds to the 
east of that fault is not known, except for the presence of two small fault-bounded 
windows within 4km of the fault. The melange contains a strong crenulation fabric, 
which is broadly parallel to its upper contact, and most intense close to the Mt Mia Fault 
(Little eta!., 1993b ). 
Anderson Creek Phyllite. A thin (<150m) discontinuous, fault-bounded, sliver of 
multiply deformed phyllite occurs immediately above the serpentinite-matrix melange, 
north of Kandanga Creek and around the southernmost tip of the serpentinite sheet, near 
Borgan Mine. It directly overlies the Mt Mia Fault, but is bounded at the top by a splay 
of the same fault. The dominant fabric is a crenulation foliation parallel to the gently 
folded unit boundaries. 
Amam oor Beds. The Amamoor Beds are a regionally extensive unit of simply 
deformed, very low grade rocks. The unit forms a wedge between the Mt Mia Fault and 
the Claddagh Thrust, but most of its outcrop area lies east of the steep normal fault that 
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truncates the serpentinite sheet along its eastern margin. It is characterised by a 
northerly trending, steep west-dipping, slaty cleavage that is axial planar to tight, 
mesoscopic, upright folds. The low metamorphic grade and simple fabric contrasts with 
the slightly higher grade assemblages and polydeformational fabrics prevalent in the 
lower plate of the Mt Mia Fault. 
Claddagh thrust sheet assemblage. The allochthonous sheet of the Claddagh Thrust 
(Little eta/., 1992) is exposed in the northwestern quadrant of the study area near 
Gallangowan, and further south between the Yabba and Mudjimba Creeks. The 
intervening region is intruded by the Triassic Kingaham Creek Granodiorite. The west­
dipping Claddagh Thrust, interrupted by younger, high angle, fault segments, bounds 
the assemblage to the east. In all other directions, the assemblage is either truncated by 
Triassic intrusions, faulted against Permian marine sediments, or unconformably 
overlain by the Middle Triassic Esk Trough. The thrust sheet contains a strong fabric 
that is correlated with the Mt Mia Fault. 
The basement units to the south of the median strip comprise the simply deformed 
Booloumba Beds, the newly defined, polydeformed Peters Creek Greenstone, 
previously included in the Booloumba Beds by Murray et al. (1979), and the Jimna 
Phyllite, a new name given to a >5km thick package of low grade, polydeformed 
phyllite. These units are bounded by Permian-Triassic intrusions, or steep faults, and 
cannot therefore be directly correlated with the upper or lower plate units of the northern 
half of the study area. Any interpretation of their structural position has to be based on 
similarities of rock types, deformational fabrics and metamorphic grade. 
ILLITE CRYSTALLINITY STUDY 
Some units south of the median strip, such as the Booloumba Beds and Peters Creek 
Greenstone, can be correlated confidently with upper or lower plate rocks based on their 
rock types and structural fabrics (see section below). However, other units, such as the 
Jimna Phyllite, have characteristics in between upper and lower plate rocks, and are 
more ambiguous with respect to their position in the overall structure. The structural 
level of all type of units should be reflected in the maximum temperature and pressure 
conditions reached during their low grade metamorphism, although care must be taken 
to avoid the Late Triassic contact metamorphic effects. Using a suitable 
geothermometer and geobarometer survey, it should therefore be possible to establish a 
correlation scheme based on small differences in metamorphic grade. Any survey of 
this kind could also prove to be useful for correlating units across terranes, e.g. the 
North and South D' Aguilar Blocks, and comparing the average metamorphic conditions 
of the accretionary complex with other low grade metamorphic complexes worldwide. 
The central NDB is dominated by very low grade metapelitic rocks. These type of rocks 
are largely devoid of mineral assemblages suitable for geothennometry and 
geobarometry. However white mica can provide qualitative information on pressure 
and temperature during metamorphism. Two parameters, which are easily determined 
by X-ray diffraction, are commonly used: the temperature-dependent 
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Kubler Index, a measure of illite crystallinity based on the width of its basal reflection; 
and the pressure dependent b0 cell parameter. Both were used in this study to develop a 
correlation scheme for the tectonostratigraphic units based on small differences in 
metamorphic grade. 
The rocks analysed for this study are representative pelitic samples from known lower 
and upper plate units as well as units of ambiguous affinities, such as the Jimna Phyllite 
and Booloumba Beds, and Permian sedimentary units. These results are listed in Table 
4.1. The samples collected for this study were supplemented by samples from 
A.W.Fifoot (21), T.A.Little (20) and R.J.Holcombe (13). A detailed discussion of the 
laboratory techniques used and the quality of results is included in Appendix II. 
Mineralogy of the clay size fraction and effect of lithology 
It is important in any mica crystallinity study to identify the mineralogy of the clay size 
fraction used for X-ray diffraction, to test for minerals interfering with the mica 1 oA 
peak. Representative samples from all rock units were scanned between 2° and 35°28. 
The traces invariably revealed a mineral assemblage consisting of quartz, 2M1 
muscovite, albite, ±chlorite. Any other samples producing "shifted",abnormally wide, 
or asymmetric 1 OA peaks, or that showed a strongly inclined background in their illite 
crystallinity scans were also checked for their mineral content. Some of these samples 
contain stilpnomelane or talc, with no white mica. Others contain smectite or 
interlayered clays, probably reflecting recent weathering processes. These samples were 
disregarded in this study. 
Visible changes in grade, amount of deformation and grain size in the rocks affect the 
Kubler Index values (Guidotti and Sassi, 1976). Rocks with well developed slaty 
cleavage produced lower values than rocks with only an incipient cleavage, and coarser 
rocks resulted in higher values, than fine grained ones. The most pronounced effect was 
noted in the Jimna Phyllite, where slates containing visible detrital grains yielded higher 
index values than the more strongly foliated recrystallised phyllites. 
Table 4.1 Number of samples successfully analysed for illite crystallinity and b0-spacings for each rock 
unit. 
Rock unit illite crystallinity b -spacing 
Cambroon Beds 26 25 
Marumba Beds 16 8 
Amamoor Beds 27 23 
Booloumba Beds 21 20 
Jimna Phyllite 25 25 
Anderson Creek Phyllite 10 9 
Bunya Phyllite 24 18 
Neranleigh-Femvale ·Beds 24 22 
Kurwongbah Beds 12 10 
Total 185 160 
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Results 
The Kubler Indices measured in this study range from 0.17 to 0.51.1°29 with most 
values measured between 0.21 and 0.34.1°29. Histograms of the results in Figure 4.3 
show that the distribution of values in each rock unit is clustered around their mode with 
a slightly asymmetric bias toward the higher end of the scale. The spread of values 
within the units increases toward the lower grade rocks, and shows bimodal distribution 
in the Permian sedimentary units. 
The means and ranges of Kubler Index results for the rock units are plotted in Figure 
4.4. Although the ranges of values measured within each of the units overlap 
considerably, a clear increasing trend of mean index values exists from the deepest units 
of the lower plate to upper plate units and Permian sedimentary rocks. The only 
exception to this trend are the Booloumba Beds, which show abnormally low Kubler 
Index values. 
The b0-spacings determined for this study range from 9.005 to 9.071A with most values· 
falling between 9.020 and 9.065A. The histograms in Figure 4.3 show that the 
distributions are less well clustered around their modes than the illite crystallinity 
histograms, and that the spread of data increases toward the lower grade units. The 
Permian Cambroon Beds again show a clear bimodal distribution, with peaks at about 
9.015 and 9.035A. 
Cumulative frequency plots are the standard method of displaying b0 data, and results 
for this study are so presented in Figure 4.5. The distinction of upper and lower plate 
units in this plot is not as clear as in the mean illite crystallinities. The Permian 
sediments produce distinctly shallower cumulative frequency curves than the older 
metamorphic units, reflecting the greater spread of data. The Bunya Phyllite and 
Neranleigh-Fernvale Beds, both from the South D'Aguilar Block, display lower b0 
values than the basement units further north. 
To analyse the results of the combined illite crystallinity and b0 cell parameter study, the 
mean b0-spacings are plotted against mean illite crystallinities in Figure 4.6. The x-axes 
of the plot was reversed to make the it resemble a typical P/T diagram. The plot clearly 
shows the large spread of data in each individual tectonostratigraphic unit, and 
highlights the need for large sample population in this type of study. However the mean 
results show well defined trends: 
1. In the NDB grade increases from the Permian sedimentary units to upper plate to 
lower plate units. 
2. The Booloumba Beds show anomalously high grade, possibly due to a thermal 
overprint related to adjacent Triassic intrusions (note the subsurface extent of the 
intrusions on the total magnetic intensity map on Figure 3 .12). 
3. The Jimna Phyllite is most similar in grade to the Anderson Creek Phyllite. 
4. Both units in the South D'Aguilar Block show considerably lower pressure 
conditions, but similar temperatures to the Jimna Phyllite. 
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Figure 4.6 highlights the anomalously large spread of data in the Permian sedimentary 
units. This spread is caused by bimodal distributions in both illite crystallinities anp b0-
spacings. This effect is best d�fined in the Cambroon Beds, as the b0-data for the; 
Marumba Beds are not sufficient to define separate peaks. When the data for tlie 
Cambroon Beds is split into its two constituent distributions, the high''gntde peak (peak 
1 in Figure 4.6) is comparable with the results from lower plate m:etamorphic units and 
the Booloumba Beds. This peak probably reflects the pr�sence of detrital muscovite in 
this sedimentary unit The lower grade peak (peak 2-in Figure 4.6) now highlights the 
very low PIT conditions of the Permian sedimentary units, 
Spatial distribution of results 
One initial aim of this X-ray diffraction study was to search for systematic variations in 
metamorphic conditions within the rock units, aiding the mapping and interpretation of 
the rock units. However when the results are plotted on geological maps, no strong 
trends are found. In the central NDB distribution of Kubler Index and b0 values 
appears random within each unit The only exception are several anomalously low 
crystallinity index values very close to granitic intrusions. In the Brisbane area, a 
distinct high of Kubler Index values occurs in the Bunya Phyllite and Neranleigh­
Femvale Beds in the Taringa-Chapel Hill area, but is only weakly reflected in the bo 
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values. This thermal anomaly is possibly due to the high level intrusions that are 
concentrated in this region. 
Absolute Metamorphic grades 
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Many authors have tried to use illite crystallinity values to define the boundaries of 
diagenesis, anchimetamorphism and epimetamorphism. Kubler (1967, in Blenkinsop, 
1988) defined these zones to coincide with mineralogical changes. The lower limit of 
the anchizone is correlated with the disappearance of liquid hydrocarbons and the 
dickite-pyrophyllite transformation, while the lower limit of the epizone coincides with 
the appearance of greenschist-facies minerals such as epidote, chlorite and 
stilpnomelane. However, he based the definition of these zones on values for the 
crystallinity index, which are 0.42A029 and 0.25A029 respectively. 
Blenkinsop (1988) demonstrated the need to use standardised measurement techniques 
and laboratory standards to use Kubler's bounding values meaningfully. He compared 
the values used to define the anchizone in 49 different publications and highlighted the 
great range of values used, attributing these differences to inter-laboratory variation. 
Blenkinsop himself used the standard technique set out in Kisch (1980) and, using 
substandards, arrived at bounding values close to those of Kubler (1967). In this study 
the same standard experimental techniques were followed as closely as possible, except 
that standards were not available. Any comparison with published data and bounding 
values must therefore be treated with caution. Most samples produced values between 
0.21 to 0.34A029, which, using Kubler's (1967) values, suggest upper anchizonal to 
lower epizonal metamorphic conditions. 
Sassi and Scolari (1974) were the first to compare b0-spacings from contrasting 
metamorphic terranes. They chose areas of comparable bulk chemistry and 
metamorphic grade, but formed under contrasting barometric conditions. Results for 
four of these terranes are compared to b0-spacings from upper, intermediate and lower 
plate of the present study in Figure 4.7. The results from the NDB plot between the 
high and low intermediate pressure series of the Otago schists (New Zealand) and the 
Ryoke Belt (Japan). 
Guidotti and Sassi (1986) established a semi-quantitative relationship between b0-
spacings and metamorphic facies series. They found that pressures below that of the 
aluminium-silicate triple point produced b0-spacings below 9.000A. b0-spacings above 
9.040A reflected facies series passing through the glaucophane stability field. Most 
values determined for the NDB in this study are greater than 9. 040A, and therefore 
suggest high pressure conditions. However, only rocks in the lower plate assemblages 
preserve glaucophane from an early high pressure metamorphic event (Holcombe and 
Little, 1994). None of the upper plate units contain mineral assemblages suggesting 
high pressures. 
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Conclusions 
1. The Kubler Index values reflect the relative structural level of the 
tectonostratigraphic units surveyed. 
2. The b0-spacings reflect the structural position of the rock units less well, but suggest 
considerably lower pressures in the South D'Aguilar Block compared to the NDB. 
3. The metamorphic conditions in the Jimna Phyllite are most like those of the 
Anderson Creek Phyllite. 
3. The Booloumba Beds show anomalously low Kubler Index values, suggesting 
higher peak temperature of metamorphism. These results probably reflect thermal 
overprinting by adjacent Triassic intrusions. 
4. The illite crystallinity results are typical of upper anchizonal to lower epizonal 
metamorphic conditions. 
5. The b0-spacings are compatible with intermediate pressure facies terranes such as 
the Otago Schists and Ryoke Belt (Sassi and Scolari, 1974), and correlate with the 
high pressure glaucophane stability field of Guidotti and Sassi (1986). This is not 
supported by PIT estimation of mafic units in the NDB (Little et al., in prep.). 
6. The distribution of results within each rock unit appears random, with the exception 
of a small thermal high in the Brisbane western suburbs, explained by high level 
intrusions in this region. 
CORRELATION OF UNITS SOUTH OF THE MEDIAN STRIP 
The anticlinorium exposing the Mt Mia Fault and lower plate rocks in its core, plunges 
to the south beneath the median strip, and the Claddagh Thrust can be traced against the 
Permian Marumba Beds that form part of the median strip. No exposures of the lower 
plate serpentinite/phyllite assemblage or the foliated granitoids occur further south. The 
three major metamorphic units that do occur in the southern part of the area are bounded 
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by steep faults, and are therefore ambiguous with respect to their position in this lower 
plate/upper plate tectonostratigraphy. They will be correlated using lithology, 
deformational history and the results of the illite crystallinity study. 
Peters Creek Greenstone 
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Metabasaltic rocks occur at all structural levels in the NDB. In upper plate settings 
these rocks are massive basalts, commonly with well preserved pillow structures (e.g. 
within the Boolournba Beds, #615572). In lower plate settings, these metabasalts are 
polydeformed, strongly recrystallised, greenschist-blueschist facies rocks, that 
commonly contain primary augite phenocrysts (e.g. Rocksberg Greenstone; Holcombe 
and Little, 1994). The Peters Creek Greenstone occurs in fault-bounded lenses within 
the Boolournba Beds, and consists of polydeforrned, well recrystallised, greenschist, 
with relict augite crystals. It is therefore interpreted to be a lower plate unit. However, 
it differs in some aspects from other lower plate greenschist units in the northern and 
southern parts of the NDB. For a detailed comparison it is first necessary to summarise 
the main characteristics of other lower plate metabasalts in the NDB. 
The Rocksberg Greenstone is the largest coherent mafic unit in the NDB, exposed near 
Mt Mee. It consists predominantly of polydeformed and polymetamorphosed 
volcaniclastic metasediments dominated by conglomerate and metasandstone, with 
minor black graphitic schist and serpentinised peridotite (Holcombe and Little,_1994). 
Two major subunits are intercalated: augite-bearing greenschist and blueschist­
greenschist. Both subunits have identical protoliths, but are dominated by contrasting 
metamorphic/deformational events. The augite-bearing greenschist are little to 
moderately foliated, and contain the assemblage albite-actinolite±chlorite±epidote 
+relict augite. Both the fabric and mineral assemblage overprint an earlier, poorly 
preserved blueschist metamorphic event. Small, chrome-rich, chloritic clasts are 
interpreted as recrystallised serpentinite fragments. Relict euhedral augite grains occur 
both as phenocrysts and as individual matrix grains. These grains show truncated 
zoning patterns, indicating that they are detrital and that the zoning is inherited. The 
blueschist-greenschist units are strongly foliated, moderately to coarsely crystalline 
actinolite-rich schists, containing blue amphibole-bearing layers ranging from 
millimetres to metres in thickness. These rocks are dominated by the early blueschist 
assemblage and fabric. This early assemblage is barroisite-rich in the greenschists and 
crossite- or glaucophane-rich in the blueschists. Laminations rich in coarsely crystalline 
epidote, sphene or tourmaline are also common remnants of these early assemblages. 
Similar mafic greenschists are exposed in the northern NDB, in the lower plate of the 
Mt Mia Fault, beneath the serpentinite-melange sheet (Little, in prep.). The rocks in this 
area consist of metadolerite and metagabbro with well preserved igneous textures, and 
greenschist-breccia with a matrix of similar composition. As in the southern NDB, 
these rocks preserve two structural-metamorphic events: an early epidote-blueschist 
facies fabric, associated with the growth of barroisite and/or glaucophane-crossite, 
100 Chapter 4 
albite, chlorite, epidote, ±garnet; and an overprinting pervasive crenulation, defined by 
actinolite, albite porphyroblasts and stilpnomelane. 
The Peters Creek Greenstone differs from these units in several aspects. Its lithologies 
are massive metagabbro and volcaniclastic breccias, and do not contain the rounded 
pebble or boulder conglomerates, typical of the Rocksberg Greenstone. Also clasts 
originating from serpentinised ultramafics were not observed. Although the dominant 
foliation is a crenulation fabric, early higher pressure minerals, such as glaucophane or 
crossite, were not preserved in this unit. 
Relict augite is the only primary igneous phase preserved in both the Rocksberg and the 
Peters Creek Greenstone, and its composition could therefore be useful in the 
correlation of the two units. In the Rocksberg Greenstone augite occurs as euhedral 
phenocrysts and groundmass detrital grains, and shows relict zoning. However, it only 
occurs as unzoned phenocrysts in the central NDB. Table 4.2 compares some aspects of 
the chemical composition of augites from the two units, and shows that the composition 
is not directly correlatable. The augite in the Peters Creek Greenstone contains 
considerably less MgO, Cr203, Al203 and N�O than either the cores or rims of the 
Rocksberg Greenstone augites. 
Despite the differences, there are several strong similarities between the Peters Creek 
Greenstone, Rocksberg Greenstone and the northern exposures. In all three areas, the 
dominant fabric is a crenulation cleavage with an associated actinolite-chlorite-epidote­
albite-augite±chlorite greenschist facies metamorphic assemblage. Note however that in 
the Peters Creek Greenstone, this crenulation is steep, not subhorizontal as in the other 
units. All three areas contain relict igneous augite phenocrysts, even if not of 
comparable composition. The Peters Creek Greenstone is therefore tentatively 
correlated with the other lower plate greenstones. 
Booloumba Beds 
The Booloumba Beds comprise low grade lithologies, such as interbedded 
slate/metasandstone and pillow basalt, typical of the Late Devonian to Early 
Carboniferous accretionary assemblages from the upper plate of the Mt Mia Fault (e.g. 
Wide Bay Broken Formation, Amamoor Beds). In common with these upper plate 
units, the Booloumba Beds contain a steeply dipping, single generation slaty cleavage. 
However, the metamorphic temperatures as determined from the illite crystallinity study 
are anomalously high, which can be explained by thermal overprinting from the 
adjacent Triassic intrusions. 
Table 4.2 Comparison of augite composition between the Rocksberg and Peters Creek Greenstone. 
Rocksberg Greenstone (Dobos et al .. 1993) Peters Creek Greenstone 
core rim groundmass (not rinuned) 
lOOMg!Mg+Fe 79-93 72-87 same as rim 64-75 
Cr203 up to 0.86% less than core same as rim less than 0.30% 
A1p3 less than 3.6% less than 4.5% less than 5.SO/o less than 2.96% 
Na.p average 0.25% average 0.55% same as rim average 0.26% 
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The Booloumba Beds are devoid of fossils, and only contain a single Kf Ar date on 
muscovite in a quartz-sericite schist within the ore zone of the Agricola gold mine of 
�288Ma (Casley, 1993). This Earliest Permian date represents the last formation of 
sericite in the rocks and is interpreted as the age of faulting associated with 
mineralisation, rather than the age of peak metamorphism in the Booloumba Beds 
(Casley, 1993). The only other age constraints on the unit are the intrusion by Triassic 
granitoids. If one was to disregard the single radiometric date, a problem appears with 
the correlation of the Booloumba Beds: it is adjacent to the Early Permian Cambroon 
Beds, which contain a similar pervasive steep slaty cleavage with the same orientation. 
It is therefore conceivable that the Booloumba Beds are Permian in age and correlate 
with the Cambroon Beds. However, diamictites, characteristic of the Permian 
sediments, are absent in the Booloumba Beds. Instead the lithologies, including the 
pillow basalts, are typical of other upper plate accretionary assemblages. 
The fine grained pelitic lithologies, the pillow basalts and the steep single slaty cleavage 
are typical ofNEO Devonian-Carboniferous accretionary assemblages, such as the 
Amamoor Beds and Wide Bay Broken Formation. The Booloumba Beds are therefore 
correlated with these upper plate units. 
Jimna Phyllite 
The Jimna Phyllite is the most ambiguous unit in terms of regional correlation.- It is a 
>5km thick package, entirely bounded by faults and intrusions, and neither its top nor its 
base is exposed. Its low metamorphic grade and dominantly pelitic lithologies suggest 
an upper plate setting. However it contains a cryptic subhorizontal crenulation fabric, 
and illite crystallinity data is similar to that of the Anderson Creek Phyllite, suggesting a 
possible lower plate setting. Low grade pelitic units with a shallow crenulation fabric 
occur throughout the D'Aguilar blocks. These units are the Kurwongbah Beds, Bunya 
Phyllite and the Anderson Creek Phyllite. All three units have to be evaluated as 
possible correlatives of the Jimna Phyllite. 
The Kurwongbah Beds are a coherent lower plate tectonostratigraphic unit adjacent to 
the Rocksberg Greenstone in the southern NDB. It consists dominantly of thinly 
laminated, feldspathic psammopelite with numerous thin quartz-rich layers (Holcombe 
and Little, 1994). The rocks are strongly recrystallised and contain the assemblage 
quartz, albite, epidote, white mica or chlorite with minor stilpnomelane and actinolite. 
The unit is strongly deformed by an early mylonitic fabric with an intense composite 
stretching/intersection lineation. This fabric is overprinted by a pervasive crenulation 
with associated mesoscopic folds in the earlier fabric. Although superficially similar, 
the Jimna Phyllite is a very unlikely correlative of the Kurwongbah Beds. The degree of 
recrystallisation and illite crystallinity data suggest slightly higher metamorphic grades 
in the Kurwongbah Beds. Also the strongest fabric, associated with an intense 
intersection/stretching lineation, is the earliest fabric in the Kurwongbah Beds, while in 
the Jimna Phyllite the dominant fabric with its strong composite lineation is a 
crenulation foliation. 
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The Bunya Phyllite occurs along the core of the South D'Aguilar Block. It is faulted 
against, and structurally underlies the upper level accretionary rocks of the Neranleigh­
Femvale Beds. It consists of thinly-laminated cherts and phyllites with the lower 
greenschist facies assemblage quartz-albite-muscovite-chlorite (Holcombe, 1977). b0 
data indicate somewhat lower pressures for all rocks in the South D'Aguilar Block, 
suggesting a slightly higher structural setting. Deformation in the Bunya Phyllite grades 
from a first generation slaty cleavage in the silty layers to a crenulation fabric in some 
rocks, identical to variations in fabric intensity in the Jimna Phyllite. The similar 
lithologies, metamorphic grade and structural fabrics suggest that the Bunya and Jimna 
Phyllites are equivalent, which confirms the correlation as proposed by Murphy et a!. 
(1976). However very little is known about the position of the Bunya Phyllite in the 
regional tectonostratigraphy, and this correlation helps little in the interpretation of the 
Jimna Phyllite. 
The Jimna Phyllite is much like the Anderson Creek Phyllite in rock types, 
deformational fabrics and metamorphic grade (i.e. illite crystallinitities). Therefore the 
possibility that the two units are equivalent, and occupy the same structural position 
with respect to the Mt Mia Fault, must be considered. In this correlation the two fabrics 
present in the Jimna Phyllite are an early slaty cleavage fabric overprinted by a later 
subhorizontal shear fabric associated with the Mt Mia Fault. As neither the top nor the 
base of the unit is exposed in the central NDB, no inferences can be made as to which 
upper and lower plate units would be juxtaposed against the Jimna Phyllite (Figure 
4.8A). The major problem with this correlation is the great thickness of the Jimna 
Phyllite (>5km) compared to the Anderson Creek Phyllite (<150m), and the lack of an 
expected increase in metamorphic grade toward the bottom of a coherent sheet of this 
thickness. 
One consequence of this correlation is that the fault between the Jimna Phyllite and the 
Booloumba Beds could represent a shallow, easterly dipping, detachment surface, 
possibly the Mt Mia Fault. This interpretation places the Booloumba Beds directly 
above the Jimna Phyllite, supporting the upper plate interpretation of that unit. By 
comparison to the upper/lower plate tectonostratigraphy in the northern NDB, this 
model suggests that serpentinite may underlie the Jimna phyllite sheet. 
It is possible that thrust imbrication has produced the thick package of Jimna Phyllite 
(Figure 4.8b). In this case the Jimna Phyllite could be an upper plate unit, and its 
crenulation fabric correlated with the thrusting. Fabric intensity within the unit varies 
from a first generation slaty cleavage to an intensely lineated crenulation cleavage. 
These variations are compatible with a thrust model, where S 1 and S2 dominated 
domains are mixed. The repetition of mafic greenschist lenses also support this thrust 
model. The Marumba Beds would most likely be a separate imbricate sheet (see 
discussion below) at the top of this thrust stack. This thrust stack model for the Jimna 
Phyllite, although speculative, is favoured in this study, as it explains the observed 
thickness, variations in fabric intensity, repetition of greenstone lenses and lack of grade 
change. 
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A. 
lower plate: serpentinite or greenstone (?) 
B. 
Figure 4.8 Two interpretations for the structural setting of the Jimna Phyllite: A. The Jimna Phyllite as 
a correlative of the Anderson Creek Phyllite. B. The Jimna Phyllite as a thrust stack with the Marumba 
Beds as a separate imbricate sheet 
NATURE OF BOUNDARIES 
The most important structural boundaries in the NDB (Figure 4.9) are the Mt Mia 
detachment fault and the Claddagh Thrust, as these faults are responsible for 
juxtaposing rocks from contrasting levels. Both faults are defined in the northern NDB 
(Little eta/., 1992), and can be traced, interrupted by intrusions and later high angle 
fault segments, to the median strip, where their trace is either truncated by younger 
rocks or plunges beneath higher level rocks. Neither fault is exposed further south, 
although structures exist that suggest the presence of detachment or thrust faulting. All 
other boundaries between the basement units are steeply faulted. Two major fault sets 
are recognised, trending north-south and north-northwest. The north-northwest trending 
set, which includes the North-Pine and Bracalba fault systems, is the dominant of the 
two, and shows dip-slip as well as strike-slip components. The north-south trending 
faults occur at regular intervals spatially associated with the dominant set, but their 
displacement and movement history are less well understood. 
MtMiaFault 
The low angle Mt Mia Fault juxtaposes upper and lower plate lithologies of contrasting 
metamorphic grade and deformational fabrics. It can be discontinuously traced from the 
northern NDB, around the southernmost exposure of serpentinite-matrix melange and 
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Anderson Creek Phyllite. It is gently folded into an anticlinorium that plunges to the 
southeast beneath the median strip of post-Carboniferous rocks. 
South of the median strip, the only exposed lower plate unit is the Peters Creek 
Greenstone, which is separated from the adjacent upper plate Booloumba Beds by 
steeply dipping shear zones. No exposure of either serpentinite or Anderson Creek 
Phyllite are associated with these boundaries. However the possibility that these steeply 
dipping shear zones are limb segments of a folded detachment surface has to be 
evaluated (Figure 4.10, Model 1). An alternative model consists of steep normal faults 
which exhume the Peters Creek Greenstone from below a detachment surface at depth 
(Figure 4.10, Model 2). This is a more likely explanation for the observed relationships. 
Model 1. There is some support for the argument that the steep faults represent 
segments of a folded low angle detachment fault. The Peters Creek Greenstone occurs 
in the cores of map-scale antiforms, that are defined by mesoscopic fold vergence 
relationships in the Booloumba Beds (cj Chapter 3), and appear to structurally underlie 
this unit. The orientation of the dominant cleavage in both units is steep and axial 
planar to the folding and parallel to the fault boundaries. 
However there are major problems with this model. The axial plane cleavage in the 
Booloumba Beds is a single generation slaty cleavage with no evidence of any pre­
existing fabrics. Therefore unfolding of the proposed low angle fault would produce 
sub horizontal layering orientations, with no accompanying fabric, in the upper plate of 
Model1 
Model2 
I]:=LJ Booloumba Beds 
F.�-'.'.-] 
Peters Creek Greenstone 
Figure 4.10 Two possible models for the emplacement of the Peters Creek Greenstone within the 
Booloumba Beds. See text for explanation. 
· 
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Figure 4.9 Map of southeast Queensland, highlighting the major fault systems that assemble the tectono­
stratigraphic framework of the NDB. 
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Figure 4..9 Map of southeast Queensland, Jllghlighting the major fault systems that assemble the tectono-
stratigraphic framework of the NDB. -
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this fault (Figure 4.1 OA). This is in contrast to all other known exposures above the Mt 
Mia Fault. If such a low angle fault exists, then it is unlikely to be the Mt Mia Fault 
since neither the Anderson Creek Phyllite nor the serpentinite unit are present. 
Model2. The alternative model assumes that the boundaries are steep normal faults 
that exhume the Peters Creek Greenstone from below a detachment surface at depth. 
These faults may be extensional normal faults subsidiary to this detachment. They 
would postdate the cleavage in the Booloumba Beds, but perhaps use existing fold 
structures to control their position. However, using the same argument as for Model 1, 
the detachment at depth is unlikely to be Mt Mia Fault, as a substantial portion of the 
tectonostratigraphy is missing. A further and unsolved problem is the steep orientation 
of the crenulation in the Peters Creek Greenstone. In other parts of the block, this 
deformation, which is associated with the Mt Mia Fault, is subhorizontal. 
Claddagh Thrust 
The Claddagh Thrust forms the eastern margin of the foliated granodiorite bodies and 
remnants of their amphibolite facies aureole. It mainly dips shallowly to the west (Little 
eta/., 1992), although younger high angle fault segments also occur. The fault 
boundary against the foliated granodiorite can be traced south to the median strip, 
although interrupted by the Late Triassic Kingaham Creek Granodiorite. Here the trace 
disappears beneath the Permian Marumba Beds. 
The lower boundary of the Marumba Beds with the underlying Gallangowan 
Granodiorite, Amamoor Beds and Jimna Phyllite is subhorizontal, as is apparent from 
the topographic control of its boundaries, for example along the Borgan Road. Bedding 
in the Marumba Beds is generally moderately steep, and not parallel to its lower 
boundary, suggesting that this boundary is a fault rather than an unconformity. 
However, bedding is poorly defined close to this boundary, so that the nature of the 
contact remains ambiguous. Strongly homfelsed rocks exposed in the Y abba Gorge 
area, which are correlated with the Marumba Beds, dip at about 30° west, roughly 
parallel to their lower boundary. Carboniferous granodiorite clasts in the Permian rocks 
indicate the surface exposure of the Gallangowan Granodiorite at time of their 
deposition, so an unconformable relationship, at least on a local scale cannot be 
discredited. However, the steep dips above a shallow base and the clearly faulted 
contact with the Jimna Phyllite suggest that the Marumba Beds form a separate 
imbricated sheet above the allochthonous Gallangowan Granodiorite. 
A southerly extension of this thrust complex is a likely setting for the interpreted 
stacking of the Jimna Phyllite, explaining its anomalous thickness as discussed above. 
Bracalba Fault 
The Booloumba Beds are in steep fault contact with strongly cleaved Permian rocks 
(Cambroon Beds) to the east, but show no overprinting crenulation fabric that could be 
correlated with this younger cleavage (unless the Booloumba Beds are Permian, as 
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discussed above). This suggests that either the cleavage-forming deformation in the 
Permian unit was not strong enough to be transmitted within the older rocks, or the fault 
separating the two units has considerable displacement. As the fabric in the Cambroon 
Beds is a strong, pervasive slaty cleavage, it is unlikely that this deformation would not 
persist into adjacent units of similar lithology. The boundary is therefore interpreted as 
a fault with enough displacement to move the previously deformed Cambroon Beds 
against the Booloumba Beds. 
Other steep fault segments occur along strike of this boundary: to the north, the eastern 
boundary of the Mt Mia Serpentinite is faulted against the Amamoor Beds; and to the 
south, the Bracalba Fault forms the western boundary of the NDB against the Jurassic 
Nambour Basin (Figure 4.9). All three faults appear to be segments of the same large 
scale structure and are referred to collectively as the Bracalba Fault. 
The movement history of the fault system is not well understood, however there is 
evidence for at least two phases of displacement. The displacement juxtaposing the 
Booloumba and Cambroon Beds must have occurred after cleavage formation in the 
Cambroon Beds, but before intrusion of the Late Triassic granitoids, as these interrupt 
the trace of the fault. The amount of displacement is ambiguous. It has to be 
considerable to explain the observed fabric differences between the Cambroon and 
Booloumba Beds, but is possibly limited further north by the presence of serpentinite on 
the eastern side of the fault, opposite to the main outcrop area of the Mt Mia 
serpentinite. If these serpentinite exposures are windows into the lower plate, 
diplacement on that section of the fault has to be a small normal, east-block-down 
displacement. 
The Bracalba Fault emplaces Jurassic sediments of the Nambour Basin against the 
southern NDB, indicating a normal, east-block down, displacement. The timing of this 
younger movement is therefore post-Jurassic in age. The fault can be traced into the far 
southern end of the Late Triassic Neurum Tonalite, where it coincides with a weak 
topographic lineament suggesting that it overprints the pluton. However, granodiorite is 
exposed on both sides of the fault, suggesting that only minor offset occurred on the 
fault after the late Triassic. 
· 
North Pine Fault and other NNW trending faults 
The North Pine Fault and its splays are a major strike-slip fault system that separates the 
North and South D'Aguilar Blocks (Figure 4.9). It can be discontinuously traced north 
along the western margin of the NDB and into the sediments of the Esk Trough. It 
correlates with the Mt Perry Lineament near Gayndah, which offsets the Late Triassic 
Mungore Cauldron at the northern end of the Esk Trough (Stephens, 1992). 
At least two phases of deformation are recognised along the North Pine fault system: a 
Late Permian movement along part of the fault (Holcombe and Little, 1994); and a 
younger post-Late Triassic sinistral strike-slip dominated displacement of about 9km. 
In the southern NDB, late, steep, crenulation fabrics intensify towards the North Pine 
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Fault suggesting movement on a fault that later became the North Pine Fault. This 
deformation is associated with retrogressive albite-chlorite±calcite metamorphic 
assemblages, and its orientation is consistent with transpression, possibly including a 
west-block down normal component. It is interpreted as a late-metamorphic event in 
which mid- to upper greenschist facies rocks are exhumed to low greenschist facies 
conditions. This event probably correlates with the -260Ma Arl Ar ages recording 
exhumation of high TIP metamorphic rocks through the -330°C isotherm (Holcombe 
and Little, 1994). This early movement on the North Pine fault system is possibly 
related to a weak localised crenulation cleavage in the Jimna Phyllite (cj Plate 5C) in 
the central NDB. The cleavage in the Cambroon Beds, and the thrusting of the 
Marumba Beds, are also tentatively correlated with this movement (see Chapter 8 for 
discussion of detailed timing relationships). 
A younger, strike-slip dominated, displacement is the youngest known deformation in 
the central NDB, and is responsible for slicing up the Marumba Beds and the Late 
Triassic granitoid intrusions. Its displacement includes a sinistral strike-slip component 
of -9km, which is consistent for over> 180km as shown by offsets in granitoid plutons 
south of Mt Mee and in volcanics in the Mungore Caldera. The dip-slip component is a 
west-block down displacement between 500 and I 300m across the Mt Perry Lineament 
in the Mungore Cauldron (Stephens, 1992). The contrast in b0-spacings between the 
lower pressure South and higher pressure North D'Aguilar Block partially reflects this 
normal displacement in the south. The timing of this youngest movement on the North 
Pine fault system is post-Late Triassic, and possibly related to the opening of the Coral 
Sea during the Early Tertiary. 
Another north-northwest trending fault was mapped in the central NDB, north of the 
median strip. It cuts the edge of the Claddagh Thrust sheet and the Mt Mia Serpentinite. 
It shows only moderate west-block down displacement, as the serpentinite sheet occurs 
on either side of the fault. Several steep faults, complicating the geology in the upper 
Kandanga Creek area are likely splays of this fault. 
In upper Kandanga Creek slices of serpentinite, Permian megabreccia, upper plate 
assemblages and foliated granodiorite are faulted against each other. These faults are 
steep and terminate into the main fault to the south. One of these splays, between the 
granodiorite and the upper plate rocks, is intruded by an andesitic dyke. These faults 
have moderate vertical displacement, and may reuse pre-existing earlier structures, as 
discussed in Chapter 7 
North-south faults 
North-south trending faults in southeast Queensland occur at regular spacing associated 
with the north-northwest trending South Pine and Bracalba Fault systems. They rarely 
form important tectonostratigraphic boundaries, suggesting minor regional 
displacement. In the central NDB the Jimna Phyllite is juxtaposed against the 
Booloumba Beds along one such fault. Exposure of this structure is poor, but its 
straight trace, despite strong topographic relief in the area, suggests a steep orientation. 
110 Chapter 4 
Other faults of this orientation in southeast Queensland occur along both margins of the 
Northbrook Beds, form the southeastern border of the Jimna Phyllite against lower plate 
Rocksberg Greenstone, and offset lower plate rocks within the southern NDB 
(Australian geological Series, SH9443-Caboolture, 1979; Holcombe and Little, 1994). 
Further north, a steep fault in the Mungore caldera offsets Late Triassic granitoids 
(Stephens, 1992). The western boundary of the Station Creek Adamellite shows a 
remarkably consistent north-south trend, and could possibly represent another fault of 
this set. 
Movement on this fault set is minor on a regional scale. The strike slip component is 
<1km, as suggested by small offsets in Triassic pluton boundaries. The dip-slip 
component of the fault separation is a normal movement of ambiguous sense of 
direction. This normal offset is also small, as it mostly involves related 
tectonostratigraphic units, rather than juxtaposing rock of strongly contrasting 
metamorphic grade and structural complexity, e.g. upper and lower plate rocks. 
Timing of the faulting is uncertain. The two faults bounding the Jimna Phyllite to the 
east are truncated by the Neurum Tonalite, suggesting that the movement on the faults 
predates the intrusion of this pluton which contains a Middle Triassic K/ Ar date on 
biotite of 228±2Ma (Murphy eta/., 1976). The north-south faults also seem to predate 
the late sinistral strike-slip movement on the North Pine fault system, but no 
unambiguous relationships are exposed. This confines movement on the north-south 
faulting loosely to a pre-Late Triassic age. 
The orientation and seemingly regular spacing of the north-south fault set suggest that 
they may be en-echelon adjustment faults for the North Pine and Bracalba fault systems. 
However their orientation is opposite to the one expected for the observed sinistral 
displacement on the North Pine Fault. It is possible that the north-south faults reflect an 
earlier, regional, dextral wrench regime. There are suggestions of a north-south dextral 
strike slip environment in the north-northwest trending en-echelon fold orientations of 
the Esk Trough and the map scale folds in the Jimna Phyllite. If this model is correct, 
then the timing of this dextral wrenching is bracketed by the deposition of the Early 
Triassic Esk Trough and the Ipswich Basin and the Late Triassic granitoid intrusions. 
GEOLOGICAL CROSS-SECTION 
The preceding discussion on the tectonostratigraphy and structure of the NDB was used 
to construct two cross-sections across the central part of the block: one north of the 
median strip (section AA', Figure 4.11), where the internal geometry of the block is 
directly correlated with the northern NDB; and one south of the median strip, where 
tectonostratigraphic units of ambiguous correlation are steeply faulted against each other 
(section BB'. Figure 4.11). 
The following points on the construction of the cross-section should be noted: 
Tectonostratigraphy of the central North D 'Aguilar Block Ill 
1. The shape of the Permian-Triassic granitoid intrusions is speculative. Their extent is 
mainly based on contact metamorphic effects and published magnetic data (cf. 
Figure 3.12). 
2. Although the Jimna Phyllite is interpreted as a thrust stack, the location of individual 
thrust faults (BB') is shown only schematically. 
3. Very little is known about the fault juxtaposing the Cambroon Beds against the 
Amamoor Beds to the east. Its orientation does not coincide with any of the other 
known fault systems discussed above, and lack of exposure precludes any closer 
study of the boundary. It is shown here as a steep fault. 
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CHAPTERS 
OPHIOLITIC COMPONENTS OF THE 
NORTH D'AGUILAR BLOCK 
INTRODUCTION 
Ophiolites are an association of sediments, ultramafic and mafic rock types, commonly 
serpentinised, that is believed to represent a section through oceanic crust, and that has 
been tectonically emplaced onto older basement at an active plate margin. Typically 
such associations include: pelagic and hemipelagic sediments, pillow basalts, sheeted 
dykes, isotropic gabbro, ultramafic cumulates and metamorphosed ultramafics. 
However, ophiolites are often either dismembered or incompletely preserved (Keary, 
1993). 
The Devonian-Carboniferous accretionary rocks of the NDB consist of fine grained 
clastic sediments, and mafic and ultramafic meta-igneous rocks, including pillow basalt, 
gabbro and strongly serpentinised harzburgite. The pelitic and mafic rocks have 
previously been interpreted as abyssal plain sediments, tectonically intercalated with 
exotic rift and volcanic arc fragments (Sivell eta/., 1990). However they all contain 
features found in ophiolites, and are here re-interpreted as fragments of an ophiolitic 
suite, which was dismembered and accreted to different structural levels of the 
accretionary wedge during subduction. 
The first part of this chapter describes the ultramafic, mafic and sedimentary 
components of the accretionary complex, and discusses their interpretation as fragments 
of an ophiolitic suite. In the second part of the chapter, possible tectonic mechanisms 
for the fragmentation and subsequent emplacement in the accretionary wedge will be 
discussed. 
ACCRETIONARY COMPONENTS 
Ultramafic Components 
Serpentinised ultramafic rocks occur in several locations in southeast Queensland. The 
most extensive exposure is the Mt Mia Serpentinite-matrix Melange (Mt Mia 
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serpentinite), a strongly sheared serpentinite sheet exposed below the Mt Mia Fault. 
Other occurrences are: the Pine Mountain Serpentinite, a small exposure between the 
Ipswich Basin and the South D'Aguilar Block; other related exposures along the Great 
Moreton Fault; and a sliver of serpentinised peridotite within the Rocks berg Greenstone 
near Mt Mee (Mt Mee serpentinite). 
The lithologies and internal structure of the Mt Mia serpentinite are described in detail 
in Chapter 3, so a only a brief summary follows. The melange consists of blocks 
ranging from millimeters to > 1 km in length, set in a schistose serpentinite matrix. The 
blocks consist of serpentinised peridotite, mafic greenschist, phyllite, quartz-mica schist, 
metachert, metagabbro, marble, relict peridotite and garnet-amphibolite. The 
serpentinite matrix is either brecciated or strongly sheared, and contains the assemblage 
antigorite-tremolite-magnetite±talc. CIPW-normative compositions indicate a 
dominantly harzburgitic proto lith. Three generations of deformation are recognised in 
the melange: an early foliation only present in the tectonic inclusions; brittle faults and 
shears associated with the assembly of the melange; and a late shallow cleavage, 
pervasive through both inclusions and matrix, associated with exhumation beneath the 
Mt Mia Fault. 
The Pine Mountain serpentinite occurs in a fault sliver associated with the steep Great 
Moreton fault system at the southern end of the South D'Aguilar Block. It consists of 
sheared serpentinite with massive serpentinised harzburgite cores. Tectonic inclusions 
similar to the Mt Mia serpentinite are absent (Palethorpe, 1972). The Rocksberg 
Greenstone at Mt Mee contains a coherent fault-bounded sliver of partially serpentinised 
peridotite, which is strongly sheared at its margins, but consists of unfoliated, brecciated 
wherlite containing relatively unaltered clinopyroxene at its core (Holcombe and Little, 
1994). 
Comparison of serpentinite units 
The most important difference between the serpentinite occurrences is their structural 
setting and gross texture (summarised in Table 5.1 ). While the Mt Mia serpentinite is 
an arched, subhorizontal melange-sheet, spacially associated with the Mt Mia 
detachment, and the Mt Mee serpentinite is a coherent slab within a greenstone unit, the 
Pine Mountain and related exposures are sheared fault-slivers associated with the steep 
Great Moreton fault system. 
Table 5.1 Comparison of serpentinite exposures in southeast Queensland. 
Mt Mia serpentinite Mt Mee serpentinite Pine Mountain serpentinite 
and associated exposures 
shape of serpentinite body subhorizontal sheet layer parallel slab vertical sheets 
overall texture exotic inclusions in coherent, with strongly ultramafic blocks in strongly 
sheared matrix sheared margins sheared matrix 
proto lith harzburgite, minor dunite wherlite, lherzolite harzburgite 
associated major structure Mt Mia detachment Great Moreton Fault 
inferred tectonic environment flow melange underplated ophiolite slab steep faulting 
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Comparison of peridotite texture and mineralogy of the units is severely hindered by 
strong serpentinisation and shearing within the rocks. Therefore published and new 
geochemical data were re-evaluated to highlight any differences between the units. 
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Only samples of serpentinite clasts and serpentinitic matrix were considered, as blocks 
of other compositions are probably exotic. The geochemical data obtained during this 
study is limited to three samples analysed for major and trace elements by X-ray 
fluorescence. However, Palethorpe ( 1972) collected and analysed 34 serpentinite 
samples from the Mt Mia serpentinite for major oxides and Ni, Cr, Co, V, S, Zr and Ba, 
and his data are re-evaluated here. Twenty-three of these samples were collected along 
Kandanga Creek Road, representing a good cross-section of the body. The rocks 
include sheared and brecciated, as well as massive, samples. For comparison with other 
southeast Queensland serpentinites, three samples from the Pine Mountain Serpentinite 
(Palethorpe, 1972), and one sample from near Mt Mee (Ham, pers comm.) are included 
in this discussion. 
Palethorpe's work concentrated on the spatial distribution of the chemical data and 
comparison with other ultramafic associations in Australia. He concluded that there is 
no systematic variation of major or trace element composition across the Mt Mia body. 
A re-evaluation of his data verified this observation, and noted that there is also no 
systematic variation along the northwesterly strike direction of the serpentinite body. 
Major element compositions are fairly constant throughout the exposure area, and are 
independent of texture, whether sheared, brecciated or massive. 
Average chemical compositions for the Mt Mia serpentinite, the Pine Mountain 
Serpentinite, and serpentinite exposures near Mt Mee are listed in Table 5.2, which 
clearly shows the similarity of the three units. The results generally lie within one 
standard deviation of each other, except for Al203, which is lower in the Pine Mountain 
Table 5.2 Table of average chemical compositions of southeast Queensland serpentinites. (Oxides are 
given in wt"/o and trace elements in ppm. Uncertainties are quoted at one standard deviation.) 
Mt Mia Serpentinite Pine Mountain Serpentinite Mt Mee serpentinite 
(Palethorpe, 1972; 34 samples; (Palethorpe, 1972; 3 samples) (Ham, 1993; I sample) 
this study, 3 samples) 
Si02 45.03 :1: 2.96 47.23 :1: 0.65 45.12 
Ti02 0.06:1:0.04 0.03 ± 0.01 0.05 
Al203 2.02:1:0.65 0.94:1:0.09 0.38 
Fe203 9.10:1:1.54 9.84 :1: 0.35 11.42 
MnO 0.13:1: 0.02 0.10±0.01 0.19 
MgO 40.37:1:3.21 41.7:1:0.38 42.43 
CaO 0.61 :1:0.93 0.05:1:0.02 0.00 
Na20 0.14:1:0.36 0.03:1:0.02 0.53 
K20 0.04:1:0.04 O.o3 ± O.o3 0.03 
P20s 0.02:1:0.02 0.04:1:0.02 0.02 
so3 0.02:1:0.03 0.03 :1: 0.01 
Ni 2546:1:400 2981 ± 140 
Cr 3193±627 3254:1: 379 
Co 106± 16 129:1:4 
v 53 ±49 44:1: 13 
s 71:1: 113 40:1: 18 
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and Mt Mee serpentinites, and Fe203, which is higher near Mt Mee. 
CIPW-normative compositions for the ultramafic protoliths of the serpentinites (see 
Chapter 3, Figure 3.2), indicate a dominantly harzburgitic protolith for the Mt Mia and 
Pine Mountain serpentinites, and for the one sample of Mt Mee serpentinite. The 
abundance of observed clinopyroxene in the Mt Mee serpentinite however suggests a 
dominantly lherzolitic to wherlitic protolith (Holcombe and Little, 1994). 
Origin of peridotite proto lith 
Peridotites occur within the upper mantle in a wide variety of tectonic settings from sub­
continental lithosphere to rifted margins to mature ocean ridges. However, by the time 
these rocks reach the surface, they are strongly serpentinised, and whole rock 
geochemistry has to be used with care in the interpretation of a tectonic setting. Apart 
from the loss of Ca, Fe, Mg and Na during the alteration process, Si must decrease to 
about 40wt% in a fully serpentinised rock (Bonatti and Michael, 1989). Other elements, 
such as K, P, S, Mn and Ti occur in very low concentrations only, and are also of little 
use. 
Bonatti and Michael (1989) reviewed various mantle peridotites to try to establish 
relationships between selected geochemical and petrological parameters, and the 
tectonic setting of the peridotites. The authors compared modal composition, Al203 
content, 100*Mg/(Mg+Fe), and mineral chemistry of peridotites and serpentinites from 
modern undepleted continental, preoceanic rift, passive margin, ocean floor (ridge and 
fracture zones) and oceanic trench environments. They established that going from 
pre-oceanic rifts to subduction zones, the Al203 content in whole rock and 
orthopyroxenes, as well as modal clinopyroxene content, decreases, while the olivine Fo 
content and IOO*Mg/(Mg+Fe) ratio in whole rock and orthopyroxene increases. The 
authors link these trends to an increase in the degree of depletion of the peridotites from 
preoceanic rifts to mature ocean ridges to subduction zones. They explain the high 
degree of depletion and low equilibration temperatures in subduction zone peridotites by 
localised water-induced melting of oceanic upper mantle near the subducting margin. 
Some of the parameters used by Bonatti and Michael ( 1989) were applied to the 
available data for southeast Queensland. Normative compositions, bulk Al203 content 
and Al20rFeO*-MgO are plotted in Figure 5.1 along with the published data. All three 
plots show that the southeast Queensland serpentinites are most like peridotites from 
mature oceanic settings. However the large spread of data does not preclude 
modification of the peridotite near the subduction zone. 
Conclusions 
The southeast Queensland serpentinite occurrences contrast strongly in their overall 
texture and structural setting. The peridotite parent rocks of the Mt Mia and Pine 
Ophiolitic components of the North D 'Aguilar Block 117 
Olivene 
A. 
OPX 
B. 
6 :;: 
u 
c: .. 
5 B 
� 
" 
-� 
........ Q. .. D E .Y ';fl. 4 D " ., .. ! :S -� § "' " "' 
0 3 
Cl) .. 
� Q. 
� 
0 a" 8 "0 2 � Q. CD "D " " 
CD 
� "E CD CD � s t'l "E .!!! CD ::ii � 
� CD en 
.5 
� 
.!!! " " 0 ::ii 
-5 CD .5 " ll. � 0 
0 
� " 
-=e CD e-CD .. 
CD CD ::;; 
� 
0 
• Mt Mia Serpentinite- Palethorpe (1972) 
• Mt Mia Serpentinhe - this study 
o Pine Mountain Serpentinhe- Palethorpe (1972) 
c Mt Mee Serpentinite- Ham (pers. comm.) 
c. 
50% 
50% Feo• 
undepleted 
continental 
? 
Al203 '-----"'------"'-----"----"'--____). MgO 
Figure 5.1 Geochemical differentiation diagrams for southeast Queensland serpentinites: A. 
Streckeisens classification plot (Le Maitre, 1989) with fields for modemserpentinites from known 
tectonic settings; B. Comparison of �03 content with modem serpentinites; C. �03 -FeO*-MgO 
ternary plot showing trend from least to most depleted modem serpentinites (molfifjed from Bonatti and 
Michael, 1989). 
Mountain serpentinites are dominantly harzburgitic and their similar geochemistry 
suggests a mature oceanic origin for the proto lith. The one geochemical analysis from 
the Mt Mee serpentinite is very similar to the other two units, but abundant 
clinopyroxene suggests a lherzolite to wherlite proto lith for this unit. 
The textural, field relationships, and geochemical evidence suggests that the Mt Mia and 
Pine Mountain serpentinites are emplaced by different tectonic mechanisms, but 
possibly tap the same ultramafic source. The Mt Mee serpentinite is sufficiently 
different to have a possibly non-ophiolitic source and contrasting tectonic emplacement 
mechanism. A discussion of possible tectonic mechanisms for the emplacement of the 
serpentinites follows below. 
Mafic Components 
Mafic meta-igneous rocks form a significant component of the Devonian-Carboniferous 
assemblages of the NDB. They occur either as coherent units, such as the Peters Creek 
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and Rocksberg Greenstones, or as fault-bounded slivers within dominantly pelitic units 
such as the Amamoor Beds, Jimna Phyllite and Booloumba Beds. Similar fault-slivers 
also occur within the Gallangowan thrust sheet. Most of the meta-igneous rocks now 
consist of strongly foliated, recrystallised, actinolite-chlorite schist. The units are 
described in detail in Chapter 3, and only a brief summary description of the 
characteristics pertinent to this chapter is included below and in Table 5.3. 
The Peters Creek Greenstone unit is exposed as fault horsts within the Booloumba Beds. 
It consists of strongly foliated, and commonly coarse, metagabbro and crystal tuff, with 
rare intercalated jasper lenses. Geochemical compositions range from basalt to trachy­
basalt with strongly tholeiitic affinities. 
The Rocksberg Greenstone in the southern NDB is tentatively correlated with the Peters 
Creek Greenstone. It contains an abundance of well bedded volcaniclastic material, 
with similar clast and matrix composition and abundant well preserved augite grains. 
Coarse volcanic debris, and clasts of probable serpentinitic origin, occur in the unit. 
The depositional environment has been interpreted as the flanks of a seamount, possibly 
associated with an oceanic fracture zone to account for the presence of interpreted 
serpentinite detritus (Holcombe and Little, 1994). The composition of the unit is 
basaltic with tholeiitic, to marginally calc-alkaline, affinities (see Chapter 3, Figure 3.3). 
The Jimna Phyllite and Gallangowan assemblage contain slivers of strongly foliated and 
recrystallised mafic greenschist without any preserved primary igneous textures. Their 
major element geochemistry indicates a tholeiitic basalt to andesite composition. The 
Booloumba Beds contain a thick pile of oxidised basaltic metavolcanics, which are less 
recrystallised and of slightly lower metamorphic grade than the other greenstone units, 
and show well preserved pillow structures. Red jasper and Radiolaria-bearing chert is 
intercalated with the pillow basalts, suggesting a marine environment of deposition. 
Table 5.3 Comparison of major features of greenstone units within the NDB. 
Peters Creek Rocksberg Greenstone Jimna Phyllite Gallangowan Booloumba Beds 
Greenstone (Holcombe and Little, assemblage 
1994) 
rock types metagabbro volcanic conglomerate mafic greenschist mafic greenschist metabasalt 
metatuff and sandstone metatuff 
serpentinitic clasts 
associated non- metajasper metachert slate, phyllite jasper 
volcanic rocks metachert Radiolarian chert 
primary igneous relict augite augite crystals none none pillow structures 
textures fragmental tuff breccias 
textures 
depositional intrusive and proximal apron ? ? subaqueous 
environment subaerial? 
proto lith basalt to basalt basalt to andesite basalt basalt to 
trachybasalt trachybasalt 
geochemical tholeiitic tholeiitic to tholeiitic tholeiitic altered 
composition marginally ca-alkaline 
inferred tectonic ocean-floor seamount ocean-floor? ocean-floor? ocean-floor 
environment 
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The major differences between the mafic meta-igneous units are their contrasting 
deformational and metamorphic histories, as discussed in Chapters 3 and 4, which 
prevent any correlation between the units except possibly the Peters Creek and 
Rocksberg Greenstones. However, there are consistent similarities between the uni�, 
such as their tholeiitic basalt composition and lithological association with jasper and 
chert, suggesting that the units may have formed in a similar, possibly oceanic, tectonic 
environment. 
Proto/ith environments 
Multiple trace element variation diagrams (spidergrams) for samples from all the mafic 
units (Figure 5.2) are characterised by chaotic mobile element (Sr to Th), and relatively 
100 100 
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Figure 5.2 MORB nonnalised incompatible element spidergrams for mafic greenschist tmits. E-type 
MORB, N-type MORB and om compositions of Sun and McDonough ( 1989) are superimposed for 
comparison. Normalising factors used are fromPearce et al. (1981). Analyses below the detection limit 
are not plotted. 
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consistent immobile element (Nb to Cr) distributions. The chaotic mobile element 
distributions are probably the result of metamorphic processes. They do not reflect the 
original composition of the volcanic rocks, and are therefore of little use in the 
interpretation of the greenstones. 
The immobile element compositions on the spidergrams are more consistent, and show 
flat traces that are neither enriched nor depleted with respect to MORB. Only the 
Rocksberg Greenstone shows a marked decreasing trend toward the most incompatible 
elements, highlighting its marginal calc-alkaline character. The flat type of trace is 
typical of oceanic basalts (Pearce, 1983 ). To possibly differentiate the types of mafic 
meta-igneous rocks further, average compositions of normal (N-type) MORB, plume 
influenced (E-type) MORB, and ocean island basalts (OIB) as reviewed by Sun and 
McDonough (1989) are superimposed on the spidergrams. The results show that the 
mafic units, except the Rocksberg Greenstone, are less enriched than ocean island 
basalt, but fit both types of MORB reasonably well. As the E-type and N-type MORB 
curves diverge most strongly for the mobile elements, the meta-mafic rocks cannot be 
positively correlated with either type. The Rocks berg Greenstone, although generally 
less enriched than typical ocean island basalts, shows a similar curve shape with 
relatively enriched Sr to Th and decreasing Nb toY, consistent with this unit having 
originated in a seamount. 
Four tectono-magmatic differentiation diagrams (Pearce and Cann, 1973; Meschede, 
1986) were chosen from the large set of available plots (Dudas, 1992). These diagrams 
were originally developed for fresh unaltered basalts, but are in this case applied to 
recrystallised meta-igneous rocks. It is therefore important to consider only those 
samples that are basaltic at least in their geochemical composition. Hence only samples 
which plotted within the basalt field of theTAS diagram (see Chapter 3, Figure 3.3), 
and satisfied a list of geochemical constraints defined by Manson (1967), were plotted 
on the diagrams (Figure 5.3). 
A similar distribution of data to that in the spidergrams emerges: the Rocksberg 
Greenstone plots in the fields for low potassium tholeiite, and marginally in the fields 
for within-plate basalts or plume-related oceanic basalts. The other mafic units plot in 
the fields for ocean-floor basalt and are most similar to normal MORB. 
The composition of clinopyroxene is controlled by the chemistry of its host magma, a 
relation which has been used to define further tectono-magmatic differentiation 
diagrams (Leterrier eta/., 1982). Two such diagrams are plotted in Figure 5.4, for 
augite microprobe data from the Peters Creek and Rocksberg Greenstones. Both units 
plot in the fields for tholeiitic and calc-alkali basalts from non-orogenic settings, 
supporting the interpretation of an oceanic environment of formation. 
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Figure 5.3 Trace element differentiation diagrams for selected mafic greenschist samples. Samples were 
chosen if they plotted in the basalt field ofthe TAS diagram, and passed a geochemical filter for basalts 
(Manson, 1967). 
Discussion 
The major and trace element geochemistry of the mafic meta-igneous units within the 
NOB suggests that these rocks are fragments of normal oceanic crust, except the 
Rocksberg Greenstone, which shows some affinities with ocean island basalts. This is 
consistent with the lithological interpretation of that unit, which suggests formation on 
the flanks of a seap1ount (Holcombe and Little, 1994). 
Previous studies of mafic meta-igneous rocks in the NDB (Sivell eta/., 1990) 
acknowledged the MORB affinities of the rocks, but invoke a significant sub­
continental lithospheric mantle contribution to account for elevated Zr/Nb ratios. Sivell 
eta/. (1990) inferred a local rifting environment within an overall continental margin 
subduction zone. This interpretation was influenced at the time by the correlation of the 
NOB with an 'exotic' Gympie Province, and the idea that the western part of that 
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Figure 5.4 Tectono-magmatic differentiation diagrams for clinopyroxene composition in the Peters 
Creek and Rocksberg Greenstones. The elements are calculated as cationic values from the structural 
formula of pyroxene (fields defmed by Leterrier eta!., 1982). 
province consisted of telescoped rift and arc-segments comprising a Carboniferous­
Permian Cordilleran-type continental margin. 
Sedimentary Components 
The most voluminous component of the accretionary complex in the NDB consists of 
fine-grained siliceous and pelitic sediments which are now contained in variously 
deformed and metamorphosed, fault-bounded blocks. These include the Booloumba 
and Amamoor Beds, Jimna and Anderson Creek Phyllites, and the Kurwongbah Beds. 
Although the units have strongly contrasting structural and metamorphic histories, the 
lithologies are similar. All units are dominated by metamorphosed, fine-grained, 
interbedded sandstone and siltstone, with a lesser component of chert, feldspathic tuff, 
and graphitic siltstone. The units are finely laminated to rhythmically bedded on a 
millimetre to centimetre scale. Sedimentary structures such as slumping or bioturbation 
are absent. The less metamorphosed units contain recognisable Radiolarian tests. No 
calcareous rocks are preserved within any of the units. 
The fine-grained nature of these rocks and presence of small-scale graded bedding, 
suggests deposition by turbidity currents and hemipelagic rain at a considerable distance 
from their source. The presence of Radiolaria and chert, absence of bioturbation, 
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slumping and calcite suggests deposition in a deep marine environment with very gentle 
slopes. This is consistent with deposition on an abyssal plain, and the sediments are 
therefore interpreted to represent the abyssal plain, which originally blanketed the mafic 
and ultramafic suite described above. 
This inferred distal oceanic environment of deposition is different from other 
accretionary terranes within the NEO. Most of these are dominated by thick piles of 
greywacke in addition to sandy turbidites and siltstones, e.g. the deep sea fan system of 
the Beenleigh Block (Lohe, 1980). In the northern NEO the accretionary Wandilla 
Formation consists of interbedded greywacke, mudstone, tuff, chert and greenstone, but 
also contains detrital oolites, and limestone clasts, suggesting deposition of this terrane 
much closer to its sediment source, which includes the forearc basin (Fergusson et al., 
1993). Similarly in the southern NEO, the accretionary terranes are dominated by 
greywacke-rich sequences (Aitchison and Flood, 1992), although subducted seamounts, 
associated with shallow marine limestone caps, have also been postulated (Flood et al., 
1994). 
Conclusions 
1. The texture and composition of the ultramafic and mafic components of the NDB are 
consistent with an ophiolitic origin. 
2. The Rocks berg Greenstone of the southern NDB preserves elements of a subducted 
seamount (Holcombe and Little, 1994; supported by this study). 
3. The sedimentary successions in the NDB suggest deposition in an oceanic basin 
away from unstable continental slopes, and possibly represent the original 
sedimentary component of the ophiolite. 
4. The fine-grained nature of this sedimentary pile reflects a greater distance to the 
continental margin, than most other accretionary terranes in the NEO. 
ACCRETION OF OPHIOLITIC COMPONENTS 
Although the accretionary rocks of the NDB have ophiolitic affinities, they are not 
necessarily derived from contiguous oceanic crust. The rocks preserve complex 
deformational and metamorphic histories (Chapter 4), part of which reflect the 
subduction event, and part of which reflect superimposed deformations. Although the 
structural evidence shows that the fragmentation and structural juxtposition of the pelitic 
and mafic fragments was part of the subduction/accretion process (Holcombe and Little, 
1994), the formation of the Mt Mia Serpentinite-matrix Melange in a subduction 
environment is less certain. 
The following section evaluates several possible mechanisms for the formation of 
serpentinite-matrix melange and supports one subduction-related model, which provides 
a suitable setting for the the Mt Mia Serpentinite-matrix Melange as well as for the 
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wherlitic Mt Mee serpentinite, and the greenschist and epidote-blueschist facies mafic 
meta-igneous rocks. 
Serpentinite-matrix melange 
Serpentinite-matrix melanges occur in various tectonic environments. They may be 
associated with strike-slip faulting (e.g. Peel Fault), detachment faulting (e.g. Baja 
California), diapiric rise within an accretionary prism (e.g. Mariana Forearc) or flow 
melange channels above a dewatering subducting slab (e.g. Round Mountain, 
California). At first glance, all four of these settings produce features present in the 
NDB (Table 5.4), as the crucial thrust-related and extension-related elements are 
present. However, it will be shown that a flow melange channel is the most likely 
interpretation for the Mt Mia serpentinite, and also offers a model for the emplacement 
of mafic greenstones in the accretionary complex. 
Any interpretation of possible emplacement mechanisms for the Mt Mia Serpentinite­
matrix Melange has to be compatible with the following observations: 
1. Three major deformational events are recognised in the serpentinite melange: a 
foliation preserved only in the inclusions, which clearly predates the formation of 
the melange; the formation of brittle fault zones and extensive phyllite breccias 
associated with the assembly of the melange; and a pervasive shallow crenulation 
foliation increasing in intensity close to the Mt Mia Fault. 
. 
Table 5.4 Comparison of features of serpentinite-matrix melanges in different tectonic settings. 
Strike-slip faulting Diapiric rise Detachment faulting Flow melange MtMia 
Peel Fault Mariana Forearc Baja California channel serpentinite 
(Jayko eta/., (Fryer and Fryer, (Sedlock, 1988) (Cloos, 1984) 
1993) 1987) 
structural adjacent to major non-volcanic fault-bounded sliver flow-melange within and below 
setting steep fault zone, seamount within within detachment channel in detachment zone 
associated with forearc zone accretionary wedge 
thrusting 
structural <3km <2km <500m <4km 2-4km 
thickness 
upper plate N/A N/A ophiolites, arc NIA subduction 
composition complex rocks and complex rocks 
turbidites 
lower plate N/A NIA blueschist facies N!A epidote-blueschist 
composition subduction complex facies subduction 
rocks complex rocks 
clast exotic blocks exclusively blueschist, eclogite mixed lithologies. upper and lower 
composition including serpentinised and amphibolite of blueschist, eclogite, plate rocks, 
blueschist ultramafics various ages amphibolite ultramafics 
clast origin lower parts of the lower crust and exclusively lower hanging wall of upper and lower 
accretionary upper mantle of plate not derived subduction zone plate, possibly 
complex forearc wedge from adjacent derived from 
terranes adjacent terranes 
matrix antigorite, lizardite, chrysotile pelitic sediments antigorite, 
composition lizardite (low 1) tremolite 
parent lherzolite. NIA harzburgite 
peridotite 
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2. Tectonic inclusions are of contrasting metamorphic grade and structural complexity, 
i.e. epidote-blueschist to lower greenschist facies rocks from the upper and lower 
plate of the Mt Mia Fault occur intermixed at all levels of the melange. 
3. The peridotite parent rock of the serpentinite consists dominantly of harzburgite, 
with only minor lherzolite and wherlite (Palethorpe, 1972; Little eta/., 1992). 
4. There is no observed geochemical or petrological zonation within the serpentinites 
of the melange sheet. 
5. Whole rock geochemistry is compatible with a mature ocean floor origin for the 
serpentinite. 
6. Serpentinite clasts occur within a bedded marble inclusion in the northern NDB 
(Little eta/., 1993). This indicates a marine shelf environment of deposition for this 
block, and implies the exposure of serpentinite in the provenance area. 
Thrust or transpr essional faulting- Peel Fault 
Small exposures of sheared serpentinite and ophiolitic rocks commonly occur along 
major fault systems within the NEO, such as the Peel and Yarrol Faults. For example, 
the Peel Fault in the southern NEO separates forearc and accretionary elements of the 
subduction complex (Korsch and Harrington, 1981 ). Narrow lenses of serpentinite­
matrix melange and coherent slabs of mafic rocks, all dominated by steep fabrics, occur 
along this fault. Their emplacement has been interpreted as associated with bo!h thrust 
and sinistral wrench movements on the Peel Fault, tapping an ophiolitic source, similar 
to those in, or adjacent to, arc complexes (Offier and Williams, 1987; Jayko eta/., 
1993). 
Thrusting in a transpressional environment is not a suitable emplacement mechanism for 
the Mt Mia serpentinite, as this unit is not associated with a major steep fault system, 
but is dominated by shallow, detachment-related structures. However, this tectonic 
environment is a suitable setting for the Pine Mountain serpentinite and related 
exposures, which occur in a similar structural position along the Great Moreton Fault. 
The Pine Mountain serpentinites show distinct oceanic affinities, although mafic rocks 
are absent. The Great Moreton Fault juxtaposes the South D' Aguilar Block against the 
Mesozoic Ipswich and Moreton Basins, but little is known about its movement history. 
However, there is evidence that the North Pine Fault (cj Figure 4.9), which bounds the 
South D' Aguilar Block to the northeast, and splays at a low angle to the Great Moreton 
Fault, has an early history of Late Permian thrusting, followed by a younger, sinistral 
strike-slip movement (Chapter 4). If these two faults are related, it is possible that the 
Pine Mountain serpentinites were emplaced by an early thrust movement on the Great 
Moreton Fault. The ultramafic source for the serpentinites probably are subducted 
ophiolitic rocks deep in the accretionary wedge, similar to those of the Mt Mia 
serpentinite. 
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Diapiric rise -Mariana Forearc 
One tectonic setting that would produce a serpentinite-matrix melange is in non­
volcanic seamounts within certain forearc environments, such as suggested by Fryer and 
Fryer (1987) for the outer Mariana forearc. This region contains large conical 
seamounts with up to 2km relief, that show evidence of viscous flows down their flanks 
which were sampled by dredging. The samples consist of clasts of serpentinised 
ultramafics in a matrix of unconsolidated serpentinite, chlorite and clay. The clasts are 
interpreted as representing the lowermost crust and upper mantle of the Mariana forearc 
wedge. The mechanism suggested for the intrusion of the serpentinite-melange is 
diapiric intrusion driven by the dewatering of the downgoing Pacific plate. 
This model of a non-volcanic seamount does not satisfactorily explain the features 
observed in the Mt Mia serpentinite, such as the abundance of pelitic and mafic clasts. 
Also, to bring the seamount into a comparable structural position to the Mt Mia 
serpentinite, it would have to be subducted, only to be later exhumed witin the lower 
plate of a detachment fault. However, it should be noted that these seamounts expose 
serpentinite on the sea floor within the forearc. Erosion of these rocks could easily lead 
to the inclusion of serpentinitic clasts into shelf deposits, including limestones, which 
then erode into the trench, to be subducted and included into the Mt Mia melange as 
exotic blocks. 
Detachment faulting -Baja California 
The western Baja California contains a serpentinite-matrix melange that occurs as a thin 
sheet (<500m) between the upper and lower plates of a major low angle detachment 
fault. The lower plate consists of subduction-complex rocks metamorphosed to 
blueschist facies conditions. The upper plate consists of an arc-ophiolite complex and 
an overlying turbidite sequence. The intervening serpentinite melange contains blocks 
of blueschist, eclogite, amphibolite, epidote-amphibolite and serpentinised mafic and 
ultramafic rocks in a strongly foliated lizardite/chrysotile matrix. Although all 
metamorphic blocks are derived from the lower plate, they have contrasting P-T-t 
histories and are not derived from the immediatedly adjacent terranes. The serpentinite 
protolith is dominantly lherzolite, gabbronorite, gabbro, clinopyroxenite and chromitite. 
The formation of the Baja California melange is interpreted to be a result of shearing 
along the detachment, where rocks are plucked from the footwall of the fault and 
included in the melange (Sedlock, 1988). 
The Mt Mia serpentinite and the Baja California melange have strong similarities. Both 
are a sheet-like body positioned near a major detachment surface, wedged between 
upper and lower plates of subduction complex origin, but with contrasting metamorphic 
grade. Both melanges contain blocks of various metamorphic grade and lithologies, 
including peridotites. However there are some major differences: the structural 
thickness of the Baja California melange is much less (500m vs 2-4km in the Mt Mia 
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serpentinite); its defonnational fabrics are entirely related to the detachment 
defonnation (in the NDB the melange is part of the lower plate with detachment 
dominated fabrics only in its upper section); the blocks in the Baja California melange 
are exclusively lower plate lithologies (the Mt Mia serpentinite contains abundant upper 
plate material); and the peridotite parent rock is dominantly lherzolite rather than 
harzburgite. 
Flow-melange channel model 
Cloos (1984) discussed several possible settings of tectonic melanges in a developing 
subduction complex, and proposed a detailed model for the fonnation of a flow-melange 
channel above the subducting slab, below an evolving accretionary wedge (Figure 5.5). 
He discussed the model largely with respect to the central melange belt of the 
Franciscan complex in the western US. 
During the early stages of convergence, a two-layer structure will develop in the lower 
part of the accretionary wedge, below the overriding plate. An upper layer consists of 
subducted sediments, that were accreted to the base of the hot hanging wall, and 
thermally metamorphosed to blueschist and, at deeper levels, eclogite facies. Fragments 
of volcanic rocks from the top of the decending plate or ultramafic rocks from the base 
of the overriding plate may become interleaved with the subducted material during 
initial convergence. Once this layer is established it provides thennal insulation for the 
West 
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Figure 5.5 Schematic crossection of a mature convergent margin, showing possible serpeninite sources, 
and a model for the formation of the Mt Mia serpentinite in a flow-melange channel (adapted from Cloos, 
1984). 
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subduction of fluid-rich, low-viscosity sediments at low temperatures. Shear strains will 
concentrate in this lower layer and tectonic flow melanges develop. 
If conditions such as the shape of the flow-melange channel and the rate of convergence 
are suitable, some of the melange upwells, and blocks can be plucked from the 
hangingwall and transported back toward the surface. If this process is coupled with 
low sediment supply at the trench axis, faster convergence rates or a change in plate dip, 
subduction-erosion of the upper accreted layer, and possibly parts of the hanging wall, 
may occur. This is the case in the Franciscan complex, where the melanges consist of 
relatively undeformed blocks of blueschist, eclogite and amphibolite in a pelitic matrix. 
Although this model was developed to explain melanges with a pelitic matrix in the 
Franciscan Complex, it can be easily adapted to the Mt Mia serpentinite and the NDB. 
The Rocksberg Greenstone and Kurwongbah Beds represent the "upper layer'' in the 
model, underplated early during the subduction process, and metamorphosed to epidote­
blueschist facies. Other, dominantly pelitic rocks, accreted at the toe of the accretionary 
wedge, and accumulated at upper levels of the complex (e.g. Amamoor Beds, 
Booloumba Beds). This deformation is correlated with the early foliation present in the 
inclusions. The establishment of a flow-melange channel and the tectonic erosion of the 
hangingwall rocks from all levels of the accretionary wedge, produced the serpentinite­
matrix melange, including the extensive phyllite breccias, and ensuring a thorough 
mixing of the clasts. The pervasive crenulation in these rocks is then related to the 
exhumation of the melange below the Mt Mia detachment. 
The main difference between the model and the Mt Mia serpentinite is the pelitic vs 
serpentinitic matrix of the melange. An important condition of the model is, that the 
melange matrix is derived from water-saturated, subducting oceanic sediments. Applied 
to the Mt Mia body, this implies the exposure of serpentinite on the subducting ocean 
floor, as the model does not provide a mechanism to bring any lower crustal or upper 
mantle material of the subducting plate to higher structural levels. The absence of major 
ophiolitic components, such as sheeted dykes or large bodies of isotropic gabbro, 
suggests that the serpentinite was scraped off the ocean floor without major disruption 
of the underlying crust. The exposure of serpentinite on the ocean floor does not imply 
an unusual oceanic crust, or proximity to fracture zone scarps. For example, widespread 
regions of the Atlantic sea floor either expose ultramafic rocks directly, or are overlain 
only by a thin layer of basalts and sediments (Lagabrielle and Cannat, 1990;_ Lemoine 
eta/., 1990). 
Other tectonic processes, such as diapiric rise of serpentinite in the supra-subduction 
zone region, driven by the dewatering of the downgoing plate (see section on Mariana 
forearc}, could be active at the same time. This would expose serpentinite in the forearc 
region to be potentially included into shelf sediments, eroded into the trench and 
subducted into the flow melange channel. This process would explain the presence of 
blocks of bedded marble with serpentinite clasts. 
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Mt Mee serpentinite 
The Mt Mee serpentinite is a coherent, fault-bounded slab of peridotite with strongly 
sheared margins, entirely surrounded by Rocksberg Greenstone. Its dominantly 
lherzolitic to wherlitic protolith differs from the other serpentinites, suggesting a 
different source and emplacement mechanism. 
In the flow-melange model, discussed above for the Mt Mia serpentinite a layer of 
oceanic sediments and volcanics was sliced and accreted to the relatively hot 
hangingwall of the young subduction complex. It is possible that blocks of peridotite 
from the base of the overriding plate could become separated during this underplating 
process, and become intercalated with the underplated rocks (Cloos, 1984). The Mt 
Mee serpentinite is interpreted as one such slice that became interleaved with the 
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Rocks berg Greenstone and accreted in the lower regions of the accretionary wedge. The 
supra-subduction zone source of the serpentinite, would account for the contrasting 
proto lith of this unit. 

CHAPTER6 
MAGMATIC COMPONENTS OF THE 
CENTRAL NORTH D'AGUILAR 
BLOCK 
INTRODUCTION 
Granitoid plutons cover a significant portion (27%) of the study area, and are therefore 
an important constituent of the NDB. The intrusions provide important timing 
constraints for the major events in the development of the NDB. They constrain the 
upper age limit of subduction, document the subsequent extensional uplift history of 
high-PIT metamorphic rocks (Little et al., in prep.), and provide constraints on the age 
of deposition and deformation of various Permian and Triassic sedimentary successions. 
A histogram of the abundant, published and new, radiometric age determinations of the 
granitoid intrusions within the central NDB (Figure 6.1, details listed in Appendix V) 
shows a bimodal distribution with a Late Carboniferous peak at -305Ma, and a Late 
Permian to Early Triassic peak at 240-220Ma. This twofold age distribution is also 
strongly reflected in the petrology and structural setting of the intrusions. Plutons 
belonging to the older group are all moderately to strongly deformed, biotite-rich 
granodiorites, while the younger plutons are essentially undeformed and consist of 
hornblende-rich granodiorite, and slightly more mafic rocks (Table 6.1). Hence two 
distinct intrusive suites of different ages, petrology and structural style are defined in the 
NDB. 
This chapter will discuss and compare these two intrusive suites including their likely 
source rock types and structural settings and relate them to intrusive suites within other 
parts of the New England Orogen. 
325 300 275 250 225 
Carboniferous Permian Triassic 
D K/Ar � Ar/Ar 
Figure 6.1 Histogram of published and new radiometric age determinations for granitoid intrusions in 
the central and northern NDB. Details of dates are listed in Appendix V. 
Ma 
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Table 6.1 Surrunary of petrological c haracteristics of granitoid plutons in the central NDB. (Key to 
intrusions: Cgg- Gallangowan Granodiorite, Cyg- Yabba Creek Granodiorite, Trmg- Monsildale 
Granodiorite, Tmt - Neurum Tonalite, Trtg - Tungi Creek Granodiorite, Trkg - Kingaham Creek 
Granodiorite, Trkig - Kimbala Granodiorite). 
Carboniferous intrusions Permian-Triassic intrusions 
rock types 
Cgg Cyg 
granodiorite granodiorite 
Trmg 
granodiorite, 
quartz-diorite 
mafic minerals biotite hornblende, 
biotite 
hornblende, 
accessory 
minerals 
K-feldspar 
texture 
xenoliths 
alteration 
deformation 
mineralisation 
garnet 
strongly 
sericitised 
foliated 
granitoid 
chloritised 
biotite 
strongly 
foliated, 
partially 
recrystallised 
garnet, zircon 
strongly 
sericitised 
mafic 
biotite 
sphene, apatite, 
magnetite, 
zircon 
anhedral, 
microperthitic 
mafic 
chloritised chloritised 
biotite, biotite 
minor epidote 
weak foliation, -
well developed 
quartz subgrains 
minor Au Au, Ag PbZn 
THE INTRUSIVE SUITES 
Carboniferous intrusions 
Tmt 
tonalite 
biotite, 
hornblende 
apatite 
microperthitic 
Trtg 
granodiorite 
biotite, 
hornblende, 
relict pyroxene 
sphene, apatite, 
opaques 
anhedral, 
microperthitic 
mafic 
chloritised 
biotite 
undulose quartz -
extinction 
minor Au 
Trkg 
monzogranite, 
granodiorite 
hornblende, 
biotite 
apatite, oxides 
anhedral, 
microperthitic 
chloritised 
biotite 
uodulose 
quartz 
extinction 
Trkig 
monzogranite, 
granodiorite 
hornblende, 
biotite 
sphene 
anhedral, 
microperthitic 
chloritised 
biotite 
Variably foliated granitoid intrusions of Late Carboniferous age occur in three discrete 
areas in the northwestern quadrant of the study area. They are separated by the Triassic 
Kingaham Creek Granodiorite, but compositional and textural similarities suggest that 
they are equivalent to the northernmost exposure, the Gallangowan Granodiorite 
(McNaughton, 1973). Two small, weakly foliated, compositionally distinct, intrusions 
within the southernmost exposure are differentiated as the Yabba Creek Granodiorite. 
Volcanic rocks of Late Carboniferous age that could be equivalent to this suite do not 
exist in the NDB. 
Several texturally distinct intrusive phases are recognised in the Gallangowan 
Granodiorite. An early, strongly foliated to mylonitic, biotite granodiorite occurs as 
coherent exposures, especially toward the eastern contact of the unit, and as xenoliths in 
younger phases. The most abundant phase is a variably foliated, locally porphyritic, 
granodiorite, but minor leucocratic bodies also occur. Biotite is the only mafic mineral, 
and is commonly replaced by chlorite. The Yabba Creek Granodiorite is less deformed, 
and contains hornblende as well as biotite. Garnet occurs as an accessory mineral in all 
intrusions. 
Polydeformed amphibolite or quartz-mica schist are commonly preserved as remnants 
of the contact aureole rocks below the intrusion, the most extensive area occurring 
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around the northern exposure. Although the relationship between these aureole rocks 
and other metamorphic units is ambiguous in the study area, in the northern NDB such 
amphibolite facies aureole rocks are found to merge with regional greenschist facies 
lower plate rocks (Little eta!., 1993). The upper contact of the Gallangowan 
Granodiorite with finely recrystallised, upper plate metapelites is exposed along 
Kingaham Creek (#457654). The contacts are sharp, moderately sheared, and oriented 
subparallel to the foliation in the wallrocks. The metapelite is locally metamorphosed to 
fine-grained quartz-biotite schist, and contains two biotite cleavages intersecting at a 
low angle. Abundant granite veining within the slates suggest that the contact is 
intrusive despite the moderate amount of shearing where it is exposed. 
The exact age of the Carboniferous granodiorites in the central NDB is somewhat 
uncertain, depending on which dating method is considered. The Claddagh 
Granodiorite in the northern NDB yields an 40Arf39Ar hornblende age of �306Ma (Little 
eta/., 1992). An 40 Ar/39 Ar hornblende date from the Yabba Creek granodiorite resulted 
in an isochron age of 302±4Ma with one step as old as � 31 OMa, possibly reflecting 
excess argon. The Gallangowan Granodiorite contains a Kl Ar age on biotite of 
320±10Ma (Murphy eta/., 1976), which has been corroborated in this study by a biotite 
age from Kingaham Creek (316±4Ma, Table 6.2) and a hornblende age from the Yabba 
Creek granodiorite (317±4Ma). There seems to be a consistent difference of 15Ma 
between the two dating methods. A 239±10Ma K/Ar age on the upper Kandanga Creek 
exposure (Murphy eta/., 1976) probably reflects resetting during intrusion of the nearby 
Triassic granites. 
Granodiorite clasts in Marumba Beds 
Coarse conglomerates in the Marumba Beds, dominated by volcanic clasts, also contain 
cobbles of weakly foliated granodiorite. One of these cobbles yielded a K/Ar age on 
hornblende at 318±4Ma (Table 6.2), and is therefore most likely derived from the Late 
Carboniferous granitoids. The boulders are undeformed and contain hornblende and 
biotite, similar to the Yabba Creek Granodiorite. Their mineralogical and geochemical 
composition is compatible with all the Late Carboniferous granitoids, but is most 
similar to the Yabba Creek Granodiorite. This supports the observation that true lower 
plate rocks, including the more strongly foliated Gallangowan Granodiorite style 
granitoids are absent from the Marumba Beds. 
Table 6.2 Radiometric ages determined for granitoid intrusions in the central NOB (see Appendix III for 
details). 
Sample No Rock unit Method Mineral dated Age 
RS363 Monsildale Granodiorite KJAr hornblende 232±3Ma 
RS431 Monsildale Granodiorite KJAr hornblende 253±3Ma 
RS339 Gallangowan Granodiorite KJAr biotite 316±4Ma 
RS374 Y abba Creek Granodiorite KJAr hornblende 317±4Ma 
RS374 Yabba Creek Granodiorite Ar/Ar hornblende 302±4Ma (total gas) 
310±6Ma (oldest step) 
RS345 boulder in Marumba beds KJAr hornblende 318±4Ma 
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Permian-Triassic intrusions 
Five large and several smaller Late Permian to Triassic granitoid plutons intrude the 
central NDB. These intrusions are unfoliated and appear homogenous over large areas. 
Most of the plutons have sharp discordant boundaries, and well developed amphibolite­
hornfels contact metamorphic aureoles. There is little contrast in texture and 
mineralogy among them (Table 6.1 ), with the exception of the Permian part of the 
Monsildale Granodiorite, which contains more mafic rocks including gabbro and 
orbicular diorite (Murphy et al., 1976). Unnamed andesitic volcanics in the Kandanga 
Creek headwaters region, and northwest of Manumbar yielding K/Ar ages between 230 
and 240Ma (Appendix V) are possible volcanic equivalents of these intrusives. 
The plutons consist of medium- to coarse-grained monzogranite, granodiorite, tonalite 
and quartz diorite (Table 6.3 and Figure 6.1) with equigranular to weakly porphyritic 
texture. Accessory minerals include magnetite, apatite, ±sphene, ±zircon. Relict 
pyroxene occurs in the Tungi Creek Granodiorite. Xenoliths, where present, are mafic 
and crystalline. Mineralisation is minor, except in the Permian part of the Monsildale 
Granodiorite, which is associated with several small Au-Ag-Pb-Zn deposits. 
Deformation and alteration is insignificant and recorded only as undulose extinction in 
quartz, and chloritisation of biotite. 
The lack of foliation, the sharp discordant contacts with essentially undisturbed host 
rocks, the well developed contact aureoles and the irregular, ellipsoidal shape of the 
plutons suggests non-forceful emplacement into cold, high-level, crust. 
Geothermometry and -barometry on amphibolite in the contact aureole of the Station 
Creek Adamellite of the northern NDB indicates maximum metamorphic conditions of 
660±75°C and l.89kb (Edgar, 1992), which corresponds to a depth of about 6km. 
The Permian-Triassic suite contains various published Kl Ar dates ranging from 242 to 
220Ma (Murphy et al., 1976; and summarised in Appendix V). Only the Monsildale 
Granodiorite contains a significantly older age of 253± 1 OMa (Murphy et al., 1976). 
This age was tested by two further K/Ar dates on hornblende, from the southern end of 
the intrusion at 232±3Ma, and from the northern end, near the original dating site, at 
253±3Ma (Table 6.2). This suggests the presence of more than one phase of intrusion in 
Table 6.3 Mineral composition of Permo-Triassic granitoids, based on 500 coWl ted grains per sample. 
(Key to intrusions: Tmt - Neurum Tonalite, Trtg - TWlgi Ck Granodiorite, Trkig - Kimbala 
Granodiorite, Trkg - Kingaham Granodiorite, Trmg- Monsildale Granodiorite) 
RS244 RS376 RS358 RS359 RS360 RS356 RS362 RS222 RS320 RS363 RS373 
Tmt Trtg Trkig Trkig Trkig Trkg Trkg Trkg Tnng Tnng Tnng 
quartz 27.8 21 22.4 20.4 29.2 17.2 20 23.4 32.8 11.8 31.2 
plagioclase 61.6 44.8 43.8 45 36.8 35.8 37.6 48.6 31.4 57.8 41.4 
K-feldspar 1.4 17.8 12 22.4 25.8 29.8 20 9.4 7.6 3.2 8.4 
biotite 7.6 8.4 7.2 7 6.2 4.2 7 7.8 15.8 8.2 14.4 
hornblende 7 11.2 2 1.4 11.2 14.2 9.2 12 15.2 4.4 
sphene 0.2 0.2 
chlorite 1.4 0.2 
magnetite 0.2 0.8 3.4 2.6 0.6 1.8 1.6 0.4 3.8 0.2 
apatite 0.2 0.2 
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Figure 6.2 Modal proportions of quartz, K-feldspar and plagioclase for the Permo-Triassic granitoids. 
Classification after Streckeisen (1976). 
the Monsildale Granodiorite, and reaffirms the presence of Late Permian 
granitoids in the area. 
Late Triassic volcanics 
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Late Triassic volcanics, which are a likely volcanic equivalent of the Permian-Triassic 
suite, occur in the northwestern and southeastern quadrants of the study area. In the 
southeast, the Bell thorpe Andesite, a stack of monotonous porphyritic lavas, 
unconformably overlies the Neurum Tonalite near Bellthorpe. In the northwest, 
undifferentiated andesitic to rhyolitic volcanics occur in upper Kandanga Creek and on 
hilltop exposures in the surrounding area. The Kandanga Creek exposures consist of 
andesite and andesite breccia, which exhibit strong epidote-chlorite alteration, and are 
dated at -229Ma. The surrounding hilltops consist mainly of andesite, trachyte, rhyolite 
and rhyolitic tuff, dated at -240Ma (details of dates listed in Appendix III). Both 
groups of volcanics unconformably overly the Kingaham Creek Granodiorite and older 
basement rocks. Various dykes, occurring throughout the study area and small 
exposures of silicic volcanics near Monsildale are correlated with the Triassic Volcanics 
by their field relations, but were not studied in further detail. 
The whole rock geochemistry of the Late Triassic volcanics is very consistent. The 
trace element composition, as shown by the incompatible element spidergrams (Figure 
6.3), shows a strong enrichment in the mobile elements (Sr to Th), and an increasing 
depletion toward the most incompatible immobile elements (Nb to Cr). This is typical 
of continental calc-alkaline basalts, such as reviewed by Pearce (1983, Fig. 8). This 
calc-alkaline character of the Late Triassic volcanics is also highlighted in a set of 
tectono-magmatic differentiation diagrams. All samples of basaltic to andesitic 
composition were plotted, and fall within the fields for calc-alkaline basalts on the Ti­
Zr, Zr-Ti-Y and Zr-Ti-Sr diagrams (Figure 6.4a-c ), and the field for volcanic arc basalt 
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Figure 6.3 MORB nonnalised incompatible element spidergrams for Triassic volcanic units. 
Normalising factors used are from Pearce eta/. (1981 ). Analyses below the detection limit are not 
shown. 
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or within plate basalt on the Zr-Nb-Y diagram (Figure 6.4d). The Late Triassic suite of 
volcanics is therefore interpreted as calc-alkaline, volcanic arc related rocks. 
The similar age of the volcanics and intrusives, the common unconformable relationship 
between them and the nearly identical trace element composition (compare Figure 6.3 
with 6.6), suggests that the Late Triassic volcanics are equivalent to the Permian­
Triassic intrusive suite. 
Granitoid geochemistry 
Considering the obvious differences in texture, petrology and age between the two 
intrusive suites, it is important to study their geochemistry and hence assess the 
possibility of contrasting source rock environments for their formation. The TAS 
classification diagram (LeMaitre, 1989), is based on the silica and alkali content of 
igneous rocks, and shows that most samples of both suites plot in the granodiorite field 
with some samples plotting in the adjacent granite, syenite, monzonite and diorite fields 
(Figure 6.5). The silica range is similar for both suites (62-72wt%), however the 
Permian-Triassic plutons are slightly more alkali-rich. The Yabba Creek Granodiorite 
has the lowest silica as well as alkali content of all intrusions. 
Incompatible element spider diagrams (Figure 6.6) show very similar trace element 
compositions for all the granitoids of the central NDB. The plots show strong 
enrichment in the mobile elements (K20, Rb, Th), and a trend of decreasing enrichment 
toward the less incompatible immobile elements (Nb to Cr). This pattern is similar to 
that of granites from volcanic arc settings (Pearce eta/., 1984). 
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Figure 6.7 Trace element compositions for granitoid intrusions of the central NDB. Plots and tectonic 
fields are defmed by Pearce eta/. (1984). 
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Using selected incompatible trace element combinations from granitoids with 
established tectonic settings, Pearce eta/. (1984) defined a set of tectono-magmatic 
discrimination diagrams. Due to the small range of trace elements analysed, only some 
of these diagrams were applied to the data from this study (Figure 6.7). However the 
analyses consistently plot within the field for volcanic arc granites, or marginally within 
the field for within plate granites. The diagrams fail to distinguish between the Late 
Carboniferous and Permian-Triassic suite, suggesting a similar source environment, 
compatible with a volcanic arc setting, for both suites. The results for the central NDB 
are very similar to recent analyses obtained from granitic rocks of similar age range 
from the Maryborough 1:250,000 sheet (Cranfield and Murray, 1989), emphasizing the 
consistency of trace element composition over large areas and time spans in the central 
New England Orogen. 
1-TYPE VERSUS S-TYPE 
The geochemistry and hence mineralogy of granitoid intrusions is largely controlled by 
their source rock types. White and Chappell (1983) introduced a scheme to subdivide 
the granitoids of the Lachlan Fold Felt into 1-types and S-types, reflecting igneous and 
sedimentary source rock characteristics respectively. This distinction is demonstrated 
by a number of mineralogical, textural, geochemical and isotopic properties of the 
granitoids. Of these characteristics, geochemistry and isotopic composition are the most 
important, as they are directly dependent on the source rock composition, while 
mineralogy and texture are also controlled by the conditions of emplacement of the 
intrusions. 
Table 6.4 lists the distinguishing mineralogical and textural features of S- and 1-type 
granitoids, and compares them to the Permian-Triassic and Late Carboniferous intrusive 
suites of the central NDB. The table highlights the typical 1-type character of the 
younger suite, with its massive texture, hornfels contact aureoles, mafic xenoliths, 
hornblende, low quartz and biotite content, and accessory sphene. The Late 
Carboniferous Gallangowan Granodiorite contrasts with the younger suite in all these 
aspects. Its foliation, regional metamorphic aureole, metasedimentary xenoliths, high 
biotite and quartz content, and accessory garnet all suggest S-type affinities. The Yabba 
Creek Granodiorite is a member of the Late Carboniferous suite that shows 
characteristics between S- and I-types. For example it is less deformed, and contains 
less quartz and biotite than the Gallangowan Granodiorite, but contains hornblende, all 
features typical of 1-type granitoids. However, garnet occurs as an accessory mineral, 
typical of S-type intrusions. 
The whole rock geochemistry of S- and I-type granitoids is similar for most elements, 
but distinctive differences between the two types exist for some elements (White and 
Chappell, 1983; Chappell and White, 1992): Relative to 1-types, S-types are low in 
CaO, N�O, Sr, and Fe203/Fe0, and high in K20, Rb and Cr. These differences can be 
summarised by the aluminium saturation index (ASI: molecular Al20/(N�O+K20 
+CaO)) , normative corundum content and N�O/K20: 
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S-types 1-types 
ASI >1.0 <1.1 
normative corundum <1% >1% 
N�O/K20 low high. 
The Permian-Triassic granitoids have an average ASI of 0.92, are diopside normative 
(Figure 6.8b) and have high N�O/K20 ratios (Figure 6.8a), all typical ofl-type 
granitoids. The Gallangowan Granodiorite contains a slightly higher average ASI of 
1.14 and is corundum normative, which indicates marginal S-type affinities. However 
this suite also plots well within the 1-type field of the N�O/K20 plot, even though it 
shows somewhat lower N�O/K20 ratios than the Permian-Triassic suite. The Yabba 
Creek Granodiorite shows characteristics intermediate between S- and 1-types. This 
intrusion has an average ASI of 0.90, is diopside normative, and plots in the 1-type field 
of the N�O/K20 plot. 
Table 6.4 Contrasting characteristics of 1- and S-type granitoids (after Chappell, unpublished notes), 
and comparison with the two intrusive suites in the study area. 
1-type granitoids 
Never associated with regional 
metamorphic aureoles. 
May be closely associated with 
older gabbros. 
Commonly younger than 
locally associated S-types. 
Massive or primary foliation; 
secondary foliation 
uncommon. 
Mafic, hornblende-bearing 
xenoliths common in more 
mafic granitoids; sedimentary 
xenoliths rare and accidental. 
Hornblende common in more 
mafic types, may also be 
present in felsic types. 
Generally no primary 
muscovite; rare primary 
muscovite in very felsic types. 
Biotite <15% 
Quartz less abundant in more 
mafic types, <32% in rocks 
w1th < 15% mafic minerals. 
Sphene a common accessory 
No aluminosilicates, garnet or 
cordierite. 
Broad spectrum of 
compositions from mafic to 
felsic. 
Permian-Triassic intrusions 
of the central NDB 
Well developed contact 
aureoles. 
Gabbro occurs in Monsildale 
granodiorite. 
Dates range from 253-
220Ma 
Generally massive textured. 
Mafic xenoliths common in 
Monsildale and Tungi Creek 
Granodiorites. 
Hornblende is a major mafic 
phase. 
No muscovite observed. 
Biotite 4-16% 
Quartz 15-33% 
Sphene common accessory. 
Not observed. 
Monzogranite, granodiorite, 
tonalite, quartz-diorite. 
Carboniferous intrusions 
of the central NDB 
Up to amphibolite facies 
regional metamorphic aureoles. 
No associated gabbro. 
Dates range from 302-317Ma 
Intruded by Kingaharn Ck 
Granodiorite. 
Contains early mylonitic 
foliation overprinted by later 
less mylonitic foliation. 
Xenoliths of more strongly 
deformed phases. Sedimentary 
xenoliths in northern NDB 
(Little, 1992). Mafic xenoliths 
in Cyg. 
No hornblende in Cgg, present 
in Cyg. 
No muscovite observed. 
Biotite 5-29% (Cgg) and 4-20% 
(Cyg) 
Quartz 26-42% (Cgg) and 22-
28% (Cyg) 
No sphene observed. 
Gamet is accessory. 
Diorite, granodiorite, granite. 
S-type granitoids 
Sometimes associated with 
regional metamorphic 
aureoles. 
Never closely associated with 
gabbros. 
May be intruded by 1-types. 
May have strong secondary 
foliation in addition to 
primary foliation. 
Mafic hbl-bearing xenoliths 
not found; sometimes contain 
abundant sediment derive� 
recrystallised xenoliths. 
No hornblende. 
Primary muscovite common in 
felsic types. 
Biotite 15-25% 
Quartz app. constant 
throughout range, 35-40%, not 
decreasing in mafic types. 
No sphene. 
Aluminosilicates, garnet and 
cordierite may be present in 
granites and more abundantly 
in xenoliths 
Relatively restricted in general 
composition to high Si02. 
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Figure 6.8 Plots of A. Nap versus �0 and B. nonnative diopside/corundum content of granitoid 
intrusions of the central NDB (S-and 1-type fields are as defmed by White and Chappell, 1983). 
In summary, petrological and geochemical data indicate that the Permian-Triassic 
granitoids in the central NDB are typical 1-type intrusions, while the Carboniferous 
intrusions show marginal S-type character. The Carboniferous Yabba Creek 
granodiorite has affinities intermediate between S- and !-types. This suggests that the 
source for both intrusive suites were mafic igneous rocks, with some sedimentary 
influence in the Carboniferous units. 
STRUCTURAL SETTING OF CARBONIFEROUS GRANITOIDS 
Deformation in the Gallangowan assemblage 
Deformation in the Gallangowan assemblage varies with the structural level and age of 
the rocks. Fabrics range from a well developed crenulation in the wall rocks, to a 
mylonitic foliation in the early intrusive phases, and a weakly defined post-intrusive 
foliation in the late stage Y abba Creek granodiorite. 
The early intrusive phase contains a swirly banded foliation (Plate 13B) with no 
apparent consistent regional orientation. This fabric commonly intensifies to a strongly 
mylonitic foliation with narrow (<lOcm) zones of ultramylonite (Plate 17B). The main 
phase granodiorite is less strongly deformed, containing one foliation, which varies in 
intensity from a subsolidus foliation, defined by strongly aligned plagioclase 
phenocrysts in a non-foliated groundmass (Plate 14A), to a mylonitic fabric which 
includes abundant xenoliths of the early, more strongly foliated, phase (Plate 17 A). The 
mylonitic rocks commonly contain a strong, east-west trending, shallow to moderately 
plunging, extension lineation. The Yabba Creek Granodiorite is the least deformed 
phase in the Gallangowan assemblage. It only contains a weak foliation, defined by 
elongated grain shapes and the alignment of quartz sub-grain boundaries, indicating 
deformation after solidification. This intrusion is therefore interpreted to be a late phase 
intruded into a high level of the assemblage. 
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The intrusion of the Gallangowan granodiorite was synkinematic with the formation of 
the crenulation and mylonitic fabrics. Evidence for this includes: 
1. The progressive change from strongly mylonitic fabrics in xenoliths and the early 
phase to weaker fabrics in the younger phases. 
2. Magmatic/tectonic foliations in the porphyritic main phase granodiorite, defined by 
the very strong alignment of plagioclase phenocrysts in otherwise only little to 
moderately deformed granite (Plate 14A). 
3. Granitic veins, intruding the upper plate slate, are folded with the axial plane parallel 
to the crenulation foliation (Plate 15A). 
4. Boudinaged extensional veins in the wall rocks above the intrusion that are filled 
with granitic material (Plate 158). 
5. Grain size variation around pelitic xenoliths, indicating strain partitioning, with 
larger grain sizes in low strain areas (Plate 16A). 
Correlation with the Claddagh-Manumbar pluton 
To develop a complete picture of the Carboniferous intrusions in the NDB, it is 
important to compare the Gallangowan assemblage to the Claddagh-Manumbar pluton 
in the northern NDB. To do this it is neccessary to summarise work done by T.A.Little 
on that pluton: 
Dykes and xenoliths indicate at least two phases of intrusion. An early phase, 
originally tonalite and granodiorite, occurs as a belt of biotite-orthogneiss along 
the eastern margin of the pluton, and as thin dykes in the amphibolite contact 
aureole. The younger main phase consists of foliated biotite granodiorite. The 
orthogneiss and its amphibolite wallrocks contain an early mylonitic foliation, 
which was transposed subparallel to a new metamorphic foliation. This new 
foliation is now the dominant fabric and varies from a west-dipping, steep, 
subsolidus foliation in the main phase to a shallower, mylonitic foliation in the 
aureole rocks to the east (Figure 6.9). Stretching lineations plunge down-dip in 
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( j trace of 2� generation foliation 
E 
Figure 6.9 Schematic section illustrating the structural relationships in the Claddagh-Manumbar pluton 
and associated aureole rocks. (from Little eta/., 1993) 
PLATE 15 
==--� I 
Evidence for synkinematic intrusion: 
A. Folded granite vein, with axial plane parallel to crenulation cleavage in upper plate slates. (#449654) 
B. Boudinaged, granitic veins in upper plate slates. (#453654) 

PLATE 16 
Evidence for synkinematic intrusion: 
A. Grain size variation around pelitic xenolith, showing coarser grains in areas of low strain. (#461658) 
B. Folded xenolith of upper plate slate, with axial plane parallel to foliation in surrounding granodiorite. 
(#460629) 

PLATE 17 
B 
Evidence for synkinematic intrusion: 
A. Xenoliths of early phase in mylonitic main phase granodiorite. (#473624) 
B. Mylonitic fabric in early phase. Note the accumulation of darker material in high strain zones. 
(#458654) 
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the main phase and gently to the north-northwest in the mylonites. Shear sense 
indicators in the mylonites suggest a top to the north movement. The main 
granodiorite phase was intruded synkinematically with this deformation, as 
suggested by: the consistent orientation of the foliation from the granodiorite core 
to the greenschist facies aureole schists; granite intruding dilational zones in the 
amphibolite; early crystal-plastic deformation and recrystallisation textures in 
plagioclase; and late, unfoliated, granitic and pegmatitic dykes. Little et al. 
(1993) conclude that the Claddagh Granodiorite intruded into an active 
subhorizontal shear zone with top to the east displacement. 
The rock types and fabrics within the Claddagh-Manumbar pluton are similar to those 
described here for the Gallangowan intrusion. The two intrusions are separated only by 
a Skm wide strip of overlying Triassic sediments and volcanics. Both intrusions occur 
within the allochthonous sheet of the Claddagh Thrust. Hence they are interpreted as 
parts of the same pluton. 
Structure of the Carboniferous granitoids 
The Carboniferous granitoids and associated metamorphic aureole rocks comprise the 
allochthonous sheet of the Claddagh Thrust. This westerly dipping thrust truncates the 
assemblage in the east, where it is also cut locally by steep, northwest trending fault 
segments. In the northern NDB, amphibolite contact aureole rocks are preserved 
structurally below the intrusion (Little et al., 1993). Further to the south the Claddagh 
Thrust progressively cuts through structurally higher level rocks, so that only the upper 
levels of the pluton and its intrusive contact with upper plate slates are preserved. 
By assembling a structural section through the complete Carboniferous granitoid 
assemblage, it emerges that the intrusions are positioned between upper and lower plate 
rocks, and that its fabrics record the strain and strain trajectories typically associated 
with a major shear zone (Figure 6.1 0). From top to bottom the section through the 
assemblage consists of: 
Country rock slate. Typical upper plate slate, overprinted by a crenulation and locally 
contact metamorphosed to quartz-biotite schist. Near the granite contact it contains 
abundant granitic veins, that are folded with axial planes parallel to the crenulation 
foliation. 
Main phase granodiorite. Medium to coarse grained biotite-granodiorite with a 
subsolidus foliation that intensifies to a mylonitic foliation toward its base. Xenoliths 
are abundant and vary from pelitic slate near the top of the sheet to early phase 
granodiorite near the bottom. 
Yabba Creek Granodiorite. Weakly deformed late stage hornblende-biotite granodiorite 
intruded into high levels of the main phase. 
Early phase. Swirly foliated to strongly mylonitic biotite granodiorite. This phase 
contains the most strongly deformed rocks of the assemblage. 
Lower plate Amphibolite. Amphibolite facies lower plate rocks, with an early mylonitic 
foliation transposed into the new metamorphic foliation. 
Lower plate Greenschist. Lower temperature equivalent of the amphibolite. 
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upper plate slate I 
upper plate 
main phase 
/ 
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lower plate 
Note: drawing is not to scale � trace of foliation associated with the detachment 
Figure 6.10 Schematic structural crossection through the Carboniferous granitoids relating observed 
mesoscopic structures to structural position in the assemblage. A. Granite vein, folded with existing 
slaty cleavage as axial plane in upper plate slates (Plate 15A). B. Boudinaged granitic veins in upper 
plate slate (Plate 158). C. Grain size variation around pelitic xenolith, showing coarser grains in areas of 
low strain (Plate 16A). D. Xenolith of upper plate slate, folded axial planar to foliation in main phase 
granodiorite (Plate 168). E. Xenoliths of earlier phase in mylonitic main phase granodiorite (Plate 17 A). 
F. Mylonitic fabric in earlier phase, with accumulation of mafic material in the high strain zones. 
The increase in intensity and complexity of deformation toward the lower part of the 
sheet, the associated shallowing of fabric orientation, and the synkinematic character of 
the fabrics, are compatible with intrusion into an active, subhorizontal shear zone. This 
shear zone is, because of its structural position, most likely related to the Mt Mia Fault. 
COMPARISON WITH OTHER PARTS OF THE NEO 
Northern NEO 
The ages and petrologic character of granitoid intrusions in the Queensland part of the 
New England Orogen were recently reviewed by Stephens et al.(in prep.), who 
recognised five major intrusive pulses, which are summarised in Table 6.5. The oldest 
group of intrusions (>280Ma) encompasses two age groups, a Late Devonian group of 
tonalite and granodiorite, intruding the Y arrol Province, and a Late Carboniferous to 
Early Permian group of foliated to massive granitoids with tonalite to granite 
composition, intruding the NOB and the western margin of the Auburn Arch. Little 
information is available on the Auburn Arch intrusions. except that they are not strongly 
S-type. Therefore there are no conspicuous equivalents to the Gallangowan-Claddagh 
granodiorites in the Queensland section of the New England Orogen. 
The most voluminous of the intrusive episodes occurred between 230-250Ma, 
dominated by granodiorite and diorite with subordinate granite, tonalite and gabbro, and 
is associated with widespread intermediate volcanism (e.g. Neara Volcanics). This is 
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Table 6.5 Age and characteristics of six intrusive pulses recognised in south Queensland by Stephens et 
a/., (in prep.), and their correlation with dated plutons in the central NDB. 
Age 
>280Ma 
260-280Ma 
250-260Ma 
230-250Ma 
220-230Ma 
210-220Ma 
characteristics Correlation with central NOB 
Two age ranges: Late Devonian tonalite, granodiorite, and Late Gallangowan granodiorite 
Carboniferous to Early Permian foliated to massive granite, Y abba Creek granodiorite 
granodiorite, tonalite and minor gabbro. 
Rare and restricted in size. Two-mica granite, granodiorite, 
foliated granite and migmatite 
1bree subgroups: Yarrol, Mt Perry and Yarraman. Yarraman 
sub-group contains rapakivi granite, granite, granodiorite, 
minor gabbro and foliated garnetiferous granite, gneiss. 
Most voluminous event Compositions range from gabbro to 
tonalite, but most abundantly granodiorite. Associated with 
widespread intermediate volcanism (e.g. Neara Volcanics). 
Scattered smaller intrusions. Dominantly granites. Associated 
with widespread silicic volcanism (e.g. Aranbanga volcanics). 
Rare, small scale granite centres associated with silicic 
volcanics. 
Monsildale granodiorite (northern phase) 
Kingaham Creek Granodiorite (part) 
Monsildale Granodiorite (southern phase) 
Tungi Creek Granodiorite 
Neurum Tonalite 
Kingaham Creek Granodiorite (part) 
followed by a group of epizonal granitoids associated with silicic volcanism between 
230-220Ma. The younger granitoids in the study area, excluding part of the Monsildale 
Granodiorite, are correlated with these two pulses. 
The slightly older age and more mafic composition of the northern part of the 
Monsildale Granodiorite is correlated with an episode of Late Permian (250-260Ma) 
intrusions of distinct compositional character, which includes layered gabbros, granites, 
rapakivi granites and granodiorites (Gust et al., 1993). This pulse of intrusions, like the 
younger ones, occurs in a narrow long belt for the length of the New England Orogen in 
Queensland. However in southeast Queensland it is confined to exposures west of the 
Esk Trough, with only the Monsildale Granodiorite occurring on its eastern flank. 
Southern NEO 
The southern New England Orogen records a similar history of Carboniferous to 
Triassic granitoid plutonism to southeast Queensland. Shaw and Flood (1981) reviewed 
the New England batholith and described five plutonic suites, two of Late Carboniferous 
to Permian age with strongS-type affinities, and three of Late Permian to Triassic age 
that are !-type to marginal S-type granitoids. A correlation with the two suites 
recognised in the central NDB seems obvious, but a detailed comparison reveals 
important differences between the two regions. 
The Late Carboniferous granitoids of the New England Province comprise the Bundarra 
plutonic suite, a group of cordierite-bearing monzo-granites, and the Hill grove plutonic 
suite, a group of garnet-bearing, biotite granodiorite and monzo-granite. The Bundarra 
suite occurs in an elongate belt parallel to, and east of, the Peel Fault, and consists of 
very coarse, even grained to porphyritic granite. The granitoids contain cordierite, 
almandine-rich garnet and accessory ilmenite and tourmaline. The silica content is high 
(>70wt%) and normative corundum occurs up to 2wt%. The intrusions are little 
defonned, and have thennal metamorphic aureoles. Rb�Sr dating for this suite suggests 
286±13Ma for magma generation, and 280-270Ma for emplacement (Kleeman, 1988). 
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This suite is most likely derived from the partial melting of Devonian and Carboniferous 
metasedimentary rocks of the New England Orogen accretionary complex (Shaw and 
Flood, 1981 ). 
The Hillgrove plutonic suite consists of foliated, biotite-rich, granodiorite and 
monzogranite intruding the accretionary complex in a northeast-southwest trending belt 
east of the Bundarra suite. The intrusions are medium grained and consist of quartz­
microcline-biotite±almandine garnet:l:cummingtonite. The rocks are generally more 
silica-poor (65-72wt%) than those of the Bundarra suite, and do not contain cordierite. 
The isotopic and geochemical composition is compatible with derivation by partial 
melting of the same rocks as for the Bundarra suite, but with higher feldspar and lower 
quartz and cordierite content. In contrast to the Bundarra suite, the Hillgrove suite 
contains a pervasive foliation that is locally mylonitic and has faulted the pluton 
contacts and/or the contact aureoles around them. The Hill grove suite contains Rb/Sr 
biotite ages, ranging from 297-256Ma in areas not affected by mylonitic shearing, and 
256-266 Ma within the mylonite zones (Landenberger eta/., 1993). 
The Late Carboniferous intrusions of the NDB are most like the Hillgrove suite in age, 
lithologies and texture. However, they contain less quartz, and their geochemistry is 
less distinctly S-type. This suggests that their source rocks are more mafic, possibly 
reflecting a higher component of mafic metavolcanics compared to metapelitic rocks in 
the accretionary complex of southeast Queensland (e.g. Rocksberg Greenstone). The 
timing and deformation history of the suites are also different. While the Gallangowan­
Claddagh plutons were intruded synkinematically into an active extensional shear zone, 
and uplifted through the hornblende blocking temperature by about 306Ma (Little et al., 
1992), the Hillgrove suite was intruded during 297-256Ma, and deformed post­
kinematically between 266 and 256Ma. Deformation of that age in the central and 
northern NDB is of a brittle-ductile nature and clearly overprints the older foliations in 
the granitoids. 
The three Permian-Triassic I-type intrusive suites of the New England Province are the 
Clarence River, Moonbi and Uralla plutonic suites. These represent the major phase of 
granitoid magmatism in that region between 255 and 225Ma. It started with the 
intrusion of granodiorite and tonalite, and progressively changed to large leucocratic 
plutons toward the end of that time interval. The Clarence River Suite is typically, fine­
to medium-, even-grained granodiorite and tonalite, with some trondjhemite and diorite. 
Mafic minerals are mainly hornblende and augite. The Moonbi Suite granitoids are 
massive with distinctive, large orthoclase megacrysts. Some of the plutons are zoned, 
with leucocratic rocks toward their centre. Hornblende and biotite are the dominant 
mafic minerals in this suite. Finally the Uralla Plutonic Suite is a diverse group of 
equigranular to porphyritic granitoids with actinolitic amphibole and biotite as the main 
mafic minerals. All intrusions are generally unfoliated, or show minor post-intrusive 
deformation. The Clarence River and Moonbi Suites have clearly defined I-type 
geochemical signatures, while the Uralla Suite has characteristics between these and the 
older Hill grove suite (Shaw and Flood, 1981 ). 
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To contrast the geochemical character of the of the three suites, Shaw and Flood ( 1981) 
used graphs plotting K20, CaO and Sr against Si02. These plots show that the Clarence 
River Suite has the lowest K20 and Sr, and highest CaO contents, for a given Si02, of 
all the New England suites, while the Moonbi Suite shows the highest K20 and Sr and 
lowest CaO contents. The Uralla Plutonic Suite plots in between the other two groups. 
Comparing the published data to the intrusions of the central NDB (Figure 6.11), it 
shows that they are most like the Uralla Suite in composition. 
Isotopic and geochemical evidence indicates that the source rocks for the three New 
England suites are not the metapelitic rocks of the accretionary complex, as suggested 
for the Carboniferous granitoids, but that they were sourced by the partial melting of 
underplated mafic crust or subduction-modified mantle (Shaw and Flood, 1981). The 
marginal S-type character of the Uralla Suite is attributed to the partial melting of an 
interface region, consisting of both the metapelitic and meta-igneous rocks that sourced 
the Carboniferous and Permian-Triassic granitoids. Although the strong 1-type 
character of the intrusions in the central NDB indicates a meta-igneous source, the 
available data is not sufficient to suggest a source rock environment from direct 
analogies with the intrusions of New England, considering the more mafic character of 
the accretionary wedge in southeast Queensland. 
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Figure 6.11 Plots of CaO, Kp and Sr against Si02 for the 1-type granitoids of the New England 
Province and the Permian-Triassic intrusions of the central NDB (after Shaw and Flood, 1981 ). 

CHAPTER 7 
EARLY PERMIAN MARINE BASINS 
INTRODUCTION 
Small, isolated fault blocks of highly immature, clastic sedimentary rocks occur within 
and adjacent to the central NDB (Figure 7.1 ). The successions are dominated by marine 
diamictite and turbidite sequences, with .detritus derived from a major andesitic to 
rhyolitic volcanic source, and to a lesser extent from the partially exhumed Devonian­
Carboniferous accretionary complex. Although age determinations in some of these 
units are imprecise, marine macrofossils and Radiolaria constrain the age of the units to 
Early Permian (Murray et al., 1979; Ishiga, 1990; Parfrey, pers.comm.). 
Geochronological studies of the extensional exhumation history of the metamorphic 
basement (Little eta/., 1993; Holcombe and Little, 1994) show that the passing of 
N 
A 
25 km 
� Permian-Triassic granitoids 
[==:J Late Permian marine successions 
c:=J Early Permian marine successions 
Figure 7. 1 Simplified geological map of southeast Queensland showing the distribution of Penn ian 
rocks. 
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deeply subducted epidote-blueschist facies rocks through the white mica blocking 
temperature (�330°C) occurred in two separate events. The first event occurred at 
�297Ma (Late Carboniferous) in the northern NDB, and the second at �261Ma (latest 
Early Permian) in the southern NDB. Hence the formation of the Early Permian basins 
is superimposed on a �35Ma hiatus in the exhumation of the NDB, and is therefore not 
connected to large vertical movements in the basement rocks. 
This chapter describes and interprets the lithologies, depositional environments, 
provenance and possible basin forming mechanisms of the Early Permian basins within 
and adjacent to the NDB. These units include the previously defined Marumba Beds 
and Cedarton Volcanics, as well as the newly defined Cambroon Beds and Kandanga 
Creek Megabreccia. This chapter also considers two further Permian units, the 
Northbrook Beds and Cressbrook Creek Group, which were previously regarded as 
probable lateral equivalents of the Marumba Beqs (Murphy eta/., 1976). It will show 
that these units have nothing in common with the Early Permian diamictite-bearing 
units, but are most likely concordantly underlying the Early Triassic sequences in the 
adjacent Esk Trough. The final section of this chapter then compares the Early Permian 
basins to basins of similar age in other parts of the NEO, and the Gym pie Province. 
PERMIAN ROCKS IN SOUTHEASTERN QUEENSLAND 
Permian marine sedimentary successions in southeast Queensland were traditionally 
split into two broad groups. Those exposed to the west of the D' Aguilar blocks were 
correlated and assigned a Middle Permian age, based on fossil evidence in two of the 
units. Those exposed to the east of the NDB were assigned an Early Permian age 
(Murphy eta!., 1976). However, new published data (e.g. Ishiga, 1990; Briggs, 1993), 
and data collected during the NDB project, led to the redefinition of the distribution of 
existing units (Amamoor Beds, Booloumba Beds), the definition of two new Permian 
units (Cambroon Beds, Kandanga Creek Megabreccia; Chapter 3 ), and major changes in 
the correlation of the Permian rocks. 
The following section groups the Permian units according to similarities in rock types, 
age and structural complexity. Units adjacent to the NDB are characterised by highly 
immature, coarse, volcanic-derived diamictites and greywackes. Units adjacent to the 
South D' Aguilar and Yarraman Block are typically stratified, fossiliferous shales, 
sandstones and conglomerates with a strong rhyolitic component. 
Units adjacent to the North D' Aguilar Block 
Marumba Beds and Kandanga Creek Megabreccia 
The Marumba Beds are a fault-bounded unit occurring within a thrust sheet ramped over 
the western margin of the central NDB. It consists of two major subunits: a 
monotonous succession of poorly stratified lithic sandstone and subordinate siltstone, 
and a well-stratified subunit consisting of coarse diamictite and sequences of thinly 
interbedded siltstone/sandstone. Detritus is largely derived from a substantial andesitic 
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to rhyolitic volcanic source with minor input from the adjacent basement rocks. 
Bedding is moderately steep, and the rocks are indurated and weakly metamorphosed. 
The Early Permian age of the Marumba Beds is constrained by poorly preserved 
macrofossils (Parfrey, pers.comm.), and the intrusion of the Monsildale Granodiorite at 
-253Ma (Appendix III). An attempt was made to analyse three samples of finer grained 
siltstone for palynomorphs. Although organic material was extracted, the weak 
metamorphism of the unit proved to be too high to yield recognisable fossils. 
The Kandanga Creek Megabreccia is a small fault-bounded block, consisting of 
extremely coarse-grained, matrix-supported conglomerate in a poorly sorted 
conglomerate/ greywacke matrix. The clasts consist mainly of upper plate basement 
rocks and strongly altered andesitic volcanics. The rocks are indurated by later contact 
metamorphism. Bedding, where defined, is steep. The unit contains no fossils or other 
independent age constraints, apart from rare clasts of foliated Late Carboniferous 
granodiorite. The Kandanga Creek Megabreccia is tentatively correlated with the 
Marumba Beds on the basis of similar lithologies, metamorphic grade and structural 
complexity (Chapter 3). 
Cambroon Beds and Cedarton Volcanics 
The Cambroon Beds are the Permian component of the Amamoor Beds, which are 
defined as a new unit in this study (Chapter 3), and occur along the faulted eastern 
margin of the central NDB. They consist of argillite, lithic sandstone, pebble 
conglomerate and pebbly sandstone, hematitic siltstone and minor basaltic to andesitic 
volcanics. Locally the unit contains carbonate-rich sandstone yielding poorly preserved 
marine invertebrates. It is the only Permian unit that contains a pervasive slaty 
cleavage. Its age is constrained by Early Permian marine macrofossils (Murray et al., 
1979), and Permian Radiolaria (Ishiga, 1990). 
The Cedarton Volcanics occur immediately to the south of the Cambroon Beds, 
separated only by a thin strip of Tertiary basalt. The unit consist of a series of coarse 
volcaniclastic sediments and basaltic to andesitic lava, with strong epidote-chlorite 
alteration. Bedding is generally steep, and the unit contains a discontinuous steep 
cleavage. Early Permian marine macrofossils constrain the age of the unit (Murphy et 
al., 1976). The geographical proximity, presence of Early Permian marine macrofossils, 
rock types and degree of deformation suggests correlation of this unit with the 
Cambroon Beds (Chapter 3). 
Units adjacent to the South D'Aguilar Block and Yarraman Block 
Northbrook Beds 
The Northbrook Beds are generally regarded as probable correlatives of the Marumba 
Beds (Murphy et al., 1976). Both units contain poorly constrained, marine Permian 
fossils and occur in similar fault-bounded slivers between the Early Triassic rocks of the 
Esk Trough and the basement rocks of the D'Aguilar Blocks. 
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The Northbrook Beds were only visited briefly for this study, however, recent mapping 
by R.J.Holcombe, C.R.Fielding and S.E.Bryan (Sliwa et al., 1993b) has revealed two 
broad subunits in the Northbrook Beds: a southern felsic volcanic/sedimentary 
sequence, and a more areally restricted clastic sedimentary sequence with little evidence 
of direct volcanic influence in the northern part of the block. Field mapping studies, and 
the occurrence of rounded clasts of rhyolitic tuffs in the latter association, suggest that 
this subunit overlies the volcanic association. 
The major part of the Northbrook beds comprises an assemblage of siltstones, volcanic 
lithic sandstones and conglomerates with interbedded rhyolitic tuffs, ignimbrites, lag 
breccias, lavas and possible comagmatic intrusives. Volcanic rocks dominate the 
stratigraphy in some areas, giving rise to steep-sided hills and linear ridges. The lavas 
are dominated by aphyric, massive or fluidal rhyolite flows, in some cases 
autobrecciated. Associated with the lavas are silicic, pyroclastic airfall tuffs, quartz, 
plagioclase and alkali feldspar-phyric ignimbrites and locally, coarse lag deposits. 
Microgranites form small stocks and dyke-like intrusions, comprising quartz, alkali 
feldspar and plagioclase (commonly forming myrmekite intergrowths), plus 
ferrorichterite/richterite hornblendes. These intrusive rocks are possibly comagmatic 
although they are similar also to some of the Late Triassic? suite of granophyric 
intrusives (such as the Mt Mee Granophyre) that are probably associated with the 
nearby Mount Byron Volcanics. 
The interbedded sedimentary rocks comprise grey, fossil-bearing siltstones, thinly 
interbedded siltstone/sandstone, volcanic lithic sandstones which show cross-bedding in 
some cases, and polymictic conglomerates whose clasts are mainly of rhyolitic volcanic 
composition. In the northern, non-volcanic subunit, sandstones show a more mixed 
petrographic character and are generally better sorted. Conglomerates in this 
association contain a more rounded, generally smaller and better sorted population of 
coarse clasts which are dominantly rhyolitic tuff and regional metamorphic lithologies. 
These conglomerates are also cross-bedded in places. 
Both of the subunits contain a low-diversity, but often high-abundance, suite of both 
body and trace fossils, including in situ and drifted remains of brachiopods, crinoids and 
bryozoa, together with the ichnogenera Teichnichnus, Planolites and as yet 
unidentifiable taxa. The fossil evidence suggests a dominantly marine shelf 
environment of deposition, into which considerable volumes of rhyolitic volcanic 
material were supplied. This volcanism waned during accumulation of the unit, 
allowing establishment of more normal clastic depositional systems, and the reworking 
of volcanic products. Palaeocurrent data collected to date suggest a variable, southward 
palaeoflow through the Northbrook terrain. 
Units in the Northbrook beds are openly folded about WNW trending axes and a weak 
axial planar fracture cleavage is common. No evidence has been found for the northerly 
fold trends reported by Cranfield et al. (1976). The orientation and style of folds is 
similar to that in the immediately adjacent Early Triassic units in the Esk Trough, 
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although a fault separates the two sequences. It is likely that the Northbrook Beds are 
concordant with the adjacent Esk Trough units. 
Cress brook Creek Group 
The Cressbrook Creek Group was not visited during this study and the following 
description is based on Cranfield eta/., 1976. The Cressbrook Creek Group occurs as a 
fault-bounded unit at the southern end of the Esk Trough, adjacent to the Yarraman 
Block. It is unconformably overlain by the Moreton Basin to the south. 
The group comprises four conformable formations (summarised in Table 7.1 ). The 
basal unit consists of chert, silicified mudstone, basaltic volcanics and minor 
conglomerate. The overlying formations are dominated by rhyolitic volcanics and 
volcaniclastics, chert, fine grained clastic sediments, crinoidal limestone and andesitic 
volcanics. The range of lithologies in the Cress brook Creek Group suggests 
depositional environments ranging from deeper water conditions on an unstable shelf to 
shallow water shelf to subaerial or possibly continental conditions. The unit is folded, 
producing moderate to steep bedding dips, but no structural fabrics. Folds are up to 
regional scale and have east-southeasterly to northerly plunges. Briggs (1993) assigned 
a probable Late Permian age to the abundant marine invertebrate fossils of the unit. 
Correlation of Permian units 
The Marumba Beds comprise an association of drab grey-coloured, strongly indurated 
and lightly metamorphosed, clastic sedimentary rocks. These range in grain-size from 
siltstones and rhythmically bedded siltstone/sandstone, through sandstones and pebble 
to cobble conglomerates, to megabreccia containing clasts up to several metres in size. 
The rocks, which show variable degrees of internal deformation of bedding, are 
essentially unfossiliferous. Their environment of deposition at present remains 
uncertain, but from the observed association of lithofacies could be deep marine. The 
rocks are moderately folded and steep dips are common. 
The Northbrook Beds, in contrast, comprise a varied suite of sedimentary, volcanic and 
associated intrusive rocks which are relatively undeformed, dominated by cream and 
brown colours, and are in places abundantly fossiliferous. The sedimentary rocks again 
vary in grade from siltstone to coarse conglomerate, but are for the most part dominated 
Table 7.1 Stratigraphic subdivisions and lithologies of the Cressbrook Creek Group (Cranfield eta/., 
1976) 
Fonnation Lithology 
BIW"llba Mudstone locally carbonaceous mudstone, minor conglomerate and andesite 
Box Gully Formation pebble conglomerate, arenite, minor shale, andesitic volcanics 
Biarraville Fonnation chert, arenite, siltstone, mudstone, sedimentary breccia, crinoidal 
limestone, andesitic conglomerate 
Hampton Road Rhyolite rhyolite flows and pyroclastiC$, arenite, conglomerate, chert 
PinecliffFonnation chert, mudstone, conglomerate, shale, pillow basalt, agglomerate, 
minor andesite 
lbickness 
> 1200m 
I 200m 
4Sm 
30m (north)- 1500m (south) 
> lSOOm 
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by volcanic lithic detritus of rhyolitic composition. The entire suite contains an 
assemblage of marine body fossils and trace indicative of a marine shelf origin. The 
rocks are gently folded with shallow dips dominating. 
The Marumba and Northbrook Beds are considered very unlikely to be lateral 
equivalents. The Marumba Beds have a slightly more complex deformational and 
metamorphic history than the Northbrook Beds suggesting that the Northbrook Beds are 
at least younger than the initial folding event of the Marumba Beds. The similarity in 
fold orientation and style between the Northbrook Beds and the lower units of the Esk 1 
Trough suggests that the two sequences are grossly concordant and it is likely that the 
age of the Northbrook Beds is somewhat younger than Early Permian. 
The Cress brook Creek Group occurs in a very similar structural position to Northbrook 
Beds on the opposite side of the Esk Trough and should therefore be evaluated as a 
possible equivalent of the Northbrook Beds. This unit contains two formations 
(Hampton Road Rhyolite and the Biarraville Formation) comprising rhyolitic volcanics 
and volcaniclastics, along with fossiliferous shale, arenite and conglomerate, an 
association very similar to the Northbrook Beds. Sparse fossil evidence also suggests a 
similar age for the Biarraville Formation and Northbrook Beds (Cranfield eta/., 1976). 
This suggests that the two units may at least in part be correlatives (cj Figure 7.5 
below). A unit of pillow basalts, agglomerate, clastic rocks and chert at the base of the 
Cressbrook Creek Group suggesting a deeper marine succession, which is not 
recognised in the Northbrook Beds. 
EARLY PERMIAN MARINE BASINS 
Provenance 
Detritus origin in the units adjacent to the NDB is twofold. It is derived from a bimodal 
volcanic source, and from the upper plate of the exhuming basement complex. The 
proportion of the two sources varies between the eastern and western units. Volcanic 
clasts dominate the western units, while basement derived clasts are more prominent in 
the east. 
Volcanic component 
Volcanic debris and primary volcanics constitute a large proportion of all Early Permian 
basins in southeast Queensland. The ratio of redeposited to primary volcanic material 
varies from almost exclusively clastic material in the western units to dominant 
volcaniclastics and lava flows in the eastern units. The volcanic debris consists of 
undeformed and unmetamorphosed mafic to silicic lavas and tuffs, that have nothing in 
common with the metamorphosed mafic greenschist occurring in the adjacent basement 
blocks. Hence, as there is no other known volcanic source outside the Early Permian 
Basins in southeast Queensland, their volcanic component must be intrabasinal, and 
therefore may yield information about the basin type and tectonic environment at the 
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time of deposition. The large size of the boulders in the Kandanga Creek Megabreccia 
also indicates a proximal source for the volcanic component. 
Basalt, andesite and rhyolite occur in pebble to boulder sized clasts within 
conglomerates in the Marumba Beds (e.g. at Scotchman Gully) and in the Kandanga 
Creek Megabreccia. The rhyolites are flow-banded to massive, with large quartz 
phenocrysts and uncommon spherules. Andesite is massive with abundant small 
plagioclase phenocrysts. Coherent basaltic andesite units, probably lava flows, occur 
within the Marumba Beds at Cowwah. Moderate epidote-chlorite alteration is imposed 
on all the mafic volcanics. The geochemical composition shows that they are calc­
alkaline basalt, basaltic andesite to trachy andesite and rhyolite (Figure 7.2). 
Intermediate compositions with 62-74% silica are absent, defining a bimodal volcanic 
assemblage. 
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The Cambroon Beds and Cedarton Volcanics contain basaltic to andesitic lavas and 
volcaniclastic rocks with strong epidote-chlorite alteration. One massive, strongly 
haematised, basalt unit occurs near the western boundary of the Cambroon Beds. 
Published data from the Cedarton Volcanics (Sivell eta/., 1990) shows that this unit has 
a tholeiitic basalt composition (Figure 7.2). 
A set of steep, narrow, undeformed basaltic dykes (PTrd) intrude the Gallangowan 
assemblage. These dykes are massive and fine-grained with a tholeiitic basalt 
composition. They are interpreted to be of Early Permian age. 
The geochemical data for the Early Permian units is presented in MORB-normalised 
trace element spider diagrams (Figure 7.3). The plots lack consistency within each unit, 
probably a result of alteration. Units to the west of the NDB are moderately enriched in 
the mobile elements (K.20, Rb, Th), and decreasingly enriched toward the incompatible 
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Figure 7.3 MORB nonnalised incompatible element spider diagrams for Early Permian volcanic tmits. 
Normalising factors used are from Pearce eta/. ( 1981 ). Analyses below the detection limit are not 
plotted. 
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end of the spidergram. This pattern is compatible with calc-alkaline intra-plate 
volcanism. The Cambroon Beds and Cedarton Volcanics are also enriched in the 
mobile elements, but to a lesser extent, and show very shallow traces for the 
incompatible elements. This suggests an oceanic influence on these volcanics. Note 
that Ti and Y in many samples show an upward trend which is not usually found in calc­
alkaline or ocean floor basalts. Such 'concave upward' traces have been reported from 
marginal basin basalts such as from the Mariana Trough (Pearce et a/., 1981 ). The 
dykes in the Gallangowan assemblage have more consistently flat traces similar to mid­
ocean ridge basalts (e.g. Sun and McDonough, 1989). 
Tectono-magmatic differentiation diagrams (Figure 7.4) for those samples with basaltic 
to andesititc composition, show a strong scattering of results over the LKT, OFB and 
CAB fields, as would be expected from the inconsistent spidergram traces shown above. 
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However, in conjunction with the plots discussed above, several observations can be 
made: 
1. Volcanics from the Kandanga Creek Megabreccia are calc-alkaline basaltic andesites 
to trachy-andesites, consistently plotting in the calc-alkaline and within plate basalt 
fields. 
2. Clasts and volcanics in the Marumba Beds are basaltic andesites with marginal calc­
alkaline and tholeiitic ocean floor affinitites. 
3. The Cambroon Beds and Cedarton Volcanics are basalts with low potassium 
tholeiites composition and ocean floor affinities. 
4. The dykes in the Gallangowan assemblage are tholeiitic basalts, and plot in the fields 
for low potassium tholeiites with normal MORB affinities. 
The whole rock geochemical data and the detrital nature of the volcanic component in 
the units adjacent to the NDB are inconclusive about the environment and tectonic 
setting of the volcanic source. The volcanics are calc-alkaline with some tholeiitic 
affinities, which apparently strengthen toward the east. This is compatible, but not 
exclusive to an extensional rift tectonic environment. 
Basement component 
Detritus from the Devonian-Carboniferous metamorphic terranes occurs in all the Early 
Permian basins adjacent to the NDB in different amounts. Conglomerates in the 
Marumba Beds contain chert, slate and granodiorite clasts, which are subordinate to the 
volcanic detritus. Within the same rock type, chert, slate and micaceous phyllite clasts 
are generally smaller than volcanic clasts, suggesting a more remote source for this 
component. Granodiorite clasts are of the same size as the volcanics, well rounded and 
yield a Late Carboniferous age (-318Ma, Appendix III). The Kandanga Creek 
Megabreccia, in contrast, is dominated by very angular, extremely large clasts of 
interbedded slate/metasandstone, which are identical to a block of upper plate rocks 
juxtaposed against the unit by a steep fault. Volcanic clasts are abundant, but smaller 
and slightly more rounded, suggesting transport from a more distant source. Foliated 
granodiorite clasts occur, but are rare. 
The abundance, angularity and extremely large size of the basement clasts in the 
Kandanga Creek Megabreccia suggest local derivation of the unit, adjacent to a 
tectonically active slope, probably close to the basin margin. The Marumba Beds are 
dominated by contemporaneous volcanic detritus, and may have been deposited closer 
to the basin centre. 
The basement component in the Cambroon Beds is much larger than in the western 
units. In general, conglomerates are less common, but indicate that most of the detritus 
is derived from metasiltstone and chert, which do not exhibit a strong cleavage. 
Carbonaceous clasts occur locally within pebbly sandstones. This indicates that the 
adjacent Booloumba Beds are not a source for the Cambroon Beds, further evidence for 
considerable post-Early Permian movement between the two units. 
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The depositional history of the Early Permian basins overlaps the last stages of the 
cooling and exhumation history of the basement rocks. The basins developed on eroded 
rocks of the accretionary complex from which they derived a component of their source 
material. This component mainly consists of the upper plate accretionary rocks, but also 
includes clasts of Late Carboniferous foliated S-type granodiorite. No clasts of the 
polymetamorphic lower plate schists or serpentinite have been found; either such rocks 
were not yet exposed, or they did not survive the erosion and transport processes. Thus, 
although deeper levels of the complex were being unroofed by Early Permian times 
there is no direct evidence of substantial unroofing of the epidote-blueschist facies rocks 
at this stage. 
Depositional environments 
The Early Permian units adjacent to the NDB were deposited in a marine environment. 
Marine macrofossils and Radiolaria occur in several locations within the Cambroon 
Beds and Cedarton Volcanics, but are scarce or absent in the Marumba Beds and 
Kandanga Creek Megabreccia. Only two fossil localities known from the Marumba 
Beds yield marine fossils, including crinoid fragments, which may be detrital. 
However, the lack of weathering in clasts and the grey-green color of the matrix and 
finer grained rocks also suggests a marine environment of deposition. 
The paucity of bedding structures, facing indicators and the presence of moderately tight 
folding in the Marumba Beds prevents the mapping of lithologies within the unit. A 
traverse along Marumba Creek, the type section, at least allowed the identification of 
five facies, and their relative abundance. The facies are: 
Massive siltstone/mudstone. Grey-green, featureless, strongly indurated siltstone and 
mudstone are common in both the stratified and massive subunit of the Marumba Beds. 
Sandstonelgreywacke. Grey-green, massive, indurated greywacke comprises the bulk of 
the massive subunit. These rocks are poorly sorted, matrix-supported, lithic and 
feldspathic arenites with up to 40vol% clay matrix. In general the rocks are massive, 
without bedding or other sedimentary structures, although graded bedding occurs locally 
on a small scale (1-5cm). 
Interbedded sandstone/siltstone. Rhythmically interbedded sandstones and siltstones 
are a minor component of the stratified subunit. These rocks consist of 5-l Ocm thick 
graded beds of sandstone and siltstone with sharp errosional boundaries. This facies 
occurs in packets tens of metres thick. 
Clast-supported conglomerate. Clast-supported pebble conglomerate is very rare, but 
occurs within the stratified subunit in beds < 20cm thick. The clasts are 1-2cm in size 
and slightly imbricated. 
Matrix-supported conglomerate. This facies comprises the bulk of the stratified 
subunit, and is the most varied internally. The conglomerates are massive, poorly 
sorted, matrix supported and range in size from pebble to cobble conglomerates, with 
boulders up to 90cm in diameter. The clasts are usually well rounded, and supported by 
a sandy matrix, consisting of angular feldspar and lithic grains in finer grained silt and 
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clay (cj Plate 9A). Bedding contacts are rarely preserved and show sharp irregular 
boundaries with abundant scour marks. Slump and flame structures are common, 
possibly caused by periodic seismic activity. 
The matrix-supported conglomerate facies of the Marumba Beds is interpreted to 
represent subaqueous debris flows. Such flows typically result in a thick deposit of 
medium to fine grained matrix, supporting a varying proportion of clasts of different 
sizes. Internally these debris flows typically lack any bedding structures; imbrication of 
clasts, or in-situ traces of burrowing organisms are completely missing (Einsele, 1992). 
The finer grained facies of the Marumba Beds are correspondingly interpreted as 
massive and graded turbidites. The clast-supported pebble conglomerate form rare 
traction current deposits in the system. 
The Kandanga Creek Megabreccia is most similar to the debris-flow facies in the 
Marumba Beds, as it also consists of a coarse, structureless pile of matrix-supported 
conglomerate. However, both basement and volcanic clasts are more angular and 
considerably larger, suggesting closer proximity to an elevated source. As the large 
clasts consist of both basement and volcanic rocks, some transport by debris-flow must 
have taken place to allow the mixing of clasts from the two different sources. 
The Cambroon Beds and Cedarton Volcanics contrast with the western units, in that 
they are dominated by greywacke, pebbly sandstone and siltstone, and contain only 
minor conglomerate in units less than 50m thick. These units are pebble sized, clast­
supported, and moderately sorted with a fine-grained clayey matrix. Graded bedding is 
common on a small scale(< Scm). The abundance of matrix-supported, clay-rich 
greywackes, and the absence of any traction current bedforms suggests that these units 
also are turbidites. The finer grained nature of the sediments suggests deposition on 
gentler slopes, or at a more distal position from the sediment source. Furthermore the 
fossil evidence suggests a shallower water depositional environment. 
Associations of submarine debris-flows, high and low density turbidity currents and 
mudflows occur in several tectonic and environmental settings. To form they require 
either gentle slopes and a high accumulation rate of sediment, such as outside a delta 
platform or volcanic arc, or they require steep unstable slopes, such as active fault 
scarps (Einsele, 1992). The latter environment is a more likely setting for the units 
flanking the NDB. 
Another type of sedimentary environment which is commonly associated with marine 
diamictites is the glaciomarine ice-contact environment. Massive and stratified 
diamictites can form either in sub-marine outwash fans at the toe of the glacier or 
dropped by floating ice over a large area. Typical facies associations for this type of 
environment are massive and stratified diamictites at the ice margin, with an increasing 
component of mudstones and shales further seaward. Currents and waves, bioturbation, 
as well as gravity mass movements commonly modify this facies association. 
Diagnostic features of the glaciomarine environment are isolated boulders and 
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dropstones within fine-grained shale or mudstone, evidence for ice rafting (Einsele, 
1992). 
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There is evidence for glaciation, or at least sub-polar climatic conditions in eastern 
Gondwana during the Early Permian. Ice-rafted debris has been reported from the 
southwestern Bowen Basin (Fielding et al., 1990), and the Manning Group in the 
southern NEO (Jenkins, 1992). This is consistent with published aparent polar wander 
paths (APWP) suggesting very high latitudes of up to 70°S for eastern Australia during 
the Early Permian (Klootwijk, 1994). However, direct evidence for glaciation, such as 
dropstones and finely laminated rocks do not occur in southeast QHeensland, and 
therefore accumulation adjacent to a tectonically active slope is proposed for the Early 
Permian rocks in southeast Queensland. 
Basin Formation 
Although age constraints are imprecise for some of the small fault blocks of Early 
Permian units flanking the NDB, they all share similar elements of lithology and 
depositional environment and appear to have formed within the same general tectonic 
environment. All are marine; all contain a component derived from a bimodal volcanic 
source; all contain conglomerates, commonly polymictic, poorly sorted, and matrix­
supported; all the sedimentary units contain a component derived from metamorphic 
basement terranes; all are strongly indurated, slightly metamorphosed, and moderately 
folded. Thick featureless argillite and greywacke units are common in the two most 
extensively outcropping units, the Marumba and Cambroon Beds. 
Sedimentary basin classification is commonly based on their tectonic environment. 
Although broadly similar basins occur in similar tectonic settings, many factors 
influence the style and extent of the basin fill, particular in rift basin settings (Einsele, 
1992). The Early Permian basins in southeast Queensland are characterised by unstable 
slopes, tectonically active fault scarps and rapid subsidence, to account for the abundant 
soft-sediment deformation and the thick pile of immature, rapidly accumulated 
sediment. Although basal unconformities are not preserved in any of the units, absence 
of thick basalt at the base of the units suggests deposition on continental crust. These 
characteristics are compatible with basin formation in extensional rift and strike-slip 
settings, where deposition is close to active fault-scarps. 
Vickers (1994) listed the distinguishing features of strike-slip and rift basins in an 
attempt to classify Early Permian basins in the southern NEO. Comparing these 
features to the basins adjacent to the NDB (Table 7.2), it becomes clear that not enough 
information is preserved to assign either a rift or strike-slip origin to the Early Permian 
basins in southeast Queensland. 
In conclusion, our knowledge of the initial geometry and stratigraphy of the Early 
Permian depositional systems is not sufficient to define their tectonic environment. 
Substantial thicknesses of sediment were accumulated in rapidly subsiding fault­
bounded basins following a period of major crustal extension and probable out-stepping, 
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Table 7.2 Characteristics of different basin types and the Early Pennian basins adjacent to the central 
NDB (based on Vickers, 1994). 
Strike slip Rift (R) Marumba Cambroon 
Half Graben (HG) Beds/Kandanga Ck Beds/Cedarton 
Megabreccia Volcanics 
Elongate shape yes yes uncertain uncertain 
Narrow shape yes often uncertain uncertain 
Basin size very small small to large small or medium? medium? 
Fault bounded one or both sides R - both sides yes, but post- yes, but post-
HG- one side depositional depostional 
Boundary faults strike-slip, thrust, normal thrust (younger) strike-slip (younger) 
reverse, normal 
Marginal unconformity rare R- rare no (Kandanga Ck no 
preservation HG - one side Megabreccia is 
probably close) 
Facies architecture highly asymmetric R - symmteric 
HG - asymmetric 
asymmetric? uncertain 
Facies variation: lateral highly varied extensive highly varied uncertain 
and vertical 
Provenance often mismatched with adjacent to basin adjacent to basin mismatched (later 
basin margin margin margin displacement) 
Rate of deposition very rapid rapid to gradual very rapid rapid 
Basin fill thickness very thick thin to thick 2-3km uncertain 
Basin life very short medium to long < 15Ma < 15Ma 
(< 5Ma) (> 5Ma) 
Deformation style strike-slip faults, en- elongate margin- incipient cleavage, pervasive slaty 
echelon folds, basin parallel folds, thrust over basement cleavage (yo\Dlger) 
over basement monoclines (younger) 
thrusting 
or roll-back, of the subducting slab in the Late Carboniferous (Little et al., 1992). The 
local defonnational environment was one of normal faults producing extensional basins, 
but whether in a pure extensional environment or in a wrench regime is not clear. 
Similar basins occur throughout the New England Orogen in the Early Pennian (e.g. 
Leitch, 1988) indicating that this was an orogen-wide event reflecting crustal-scale 
processes. It has been proposed that the Early Permian Gym pie volcanic arc lay to the 
east of the area described here (Little eta!., 1992), although units to the east of the 
D'Aguilar blocks, including the Gym pie Group, have undergone some degree of 
translation into their present position (Holcombe et al., 1993). 
COMPARISON WITH OTHER PARTS OF THE NEO 
Gympie Basin 
The Penn ian to Early Triassic Gym pie Group is a succession of marine sediments and 
mafic volcanics exposed to the northeast of the NDB, which were not examined in detail 
for this study. The geology and structure of the basin is reviewed in Chapter 2, and only 
a brief summary is presented here. 
The Gym pie Group consists of four conformable fonnations, comprising from bottom to 
top: basaltic to andesitic volcanics and volcaniclastics; shale, greywacke, and dacitic to 
andesitic volcanics; bioclastic limestone; and more shale and subgreywacke. In the 
basal three fonnations, continental clastic input is minimal. Palaeontological data 
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indicates that the accumulation of this sequence spanned most of the Permian (Briggs, 
1993). 
The Highbury Volcanics at the base of the Gympie Group consist dominantly of pillow 
basalts, basaltic tuff-breccia and agglomerate, suggesting a violently errupting, 
subaerially exposed, volcanic island arc environment of deposition. The tuff-breccias 
represent an early submarine stage, and the pillow basalts a proximal apron (Sivell and 
Waterhouse, 1987). Published geochemical data shows that these rocks have a calc­
alkaline, basaltic to trachy-andesitic composition, with affinities marginal between low 
potassium tholeiites and normal type ocean floor basalts (Sivell et al., 1990; Cranfield 
and Murray, 1989a; plotted in Figure 7.2). Sparse isotopic data also support an an 
immature island arc origin (Sivell and McCulloch, 1993). 
The lithologies, depositional environments and geochemistry of the Gympie Basin 
suggest a very different type of tectonic setting to the Permian units flanking the NDB, 
and no direct correlation is suggested. However, fossil evidence and timing constraints 
on the deposition of the Gympie Group (Briggs, 1993; Sivell and Waterhouse, 1987} 
suggest a similar Early Permian age for the units adjacent to the NDB and the Highbury 
Volcanics/Rammutt Formations, and a similar Late Permian age for the Cressbrook 
Creek Group/Northbrook Beds and the Tamaree Formation (Figure 7.5). 
Northern NEO 
Deposition of immature, coarse clastic rocks, and bimodal volcanics was widespread in 
the northern NEO during the Early Permian. These rocks now occur at the base of the 
Bowen Basin, and further east in narrow elongated blocks, aligned parallel to the 
regional structural grain (i.e. Gogango Overfolded Zone, Yarrol Block-part, Connors 
Arch-part, Strathmuir Synclinorium, Berserker Graben). Due to their contrasting style 
and degree of deformation, these blocks were traditionally interpreted as separate basins, 
fanned in different tectonic settings, such as forearc or pull-apart basins (Day et al., 
1983; Harrington and Kersch, 1985a). However, recent work has shown that all these 
Cressbrook Ck Group Northbrook Beds units west of NDB units east of NDB Gympie Group 
Buaraba Mst 
Box Gully Fm 
Biarraville Fm upper sequence Tamaree Formation 
Hampton Rd Rhyolite lower sequence 
Pinecliff Fm 
South Curra Lst 
Marumba Beds/ Cambroon Beds/ Rammutt Fm 
Kandanga Ck Mb Cedarton Volcanics 
Highbury Volcanics 
Figure 7.5 Tentative correlation scheme for Permian sedimentary units in southeast Queensland. 
. 
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basins formed during a widespread Early Permian extensional event, which is the first of 
three stages in the evolution of the Bowen Basin (Fielding et al., 1990, 1994), 
summarised below: 
This first stage of the Bowen Basin was initiated during the early Permian as a 
series of grabens and half-grabens, contemporaneous with calc-alkaline volcanism 
on the eastern basin margin. During this period, volcaniclastic and associated 
facies were deposited in the east, while coal-bearing fluviatile and lacustrine facies 
dominated in the west. Following the infilling of these rifts and the end of major 
volcanic activity during the Middle Permian, a phase of regional thermal 
subsidence resulted in a widespread marine transgression. 
Rocks accumulated during this transgression, form a sequence of mixed carbonate 
and clastic facies with local volcanic input. Craton-derived sediments led to the 
establishment of an extensive coastal plain and nearshore marine complex with 
localised deltas. Silts were the dominant deposit in the offshore marine part of the 
basin. In the southwest, the presence of coarse, ice-transported debris reflects the 
sub-polar climatic conditions of the time. Internal and bounding unconformities 
in some of the units, indicates the continuation of adjusting movements of the 
underlying half-graben faults. The second major change in the depositonal system 
occurred during the Late Permian, with the resurgence of volcanism to the east, 
and the onset of compressional tectonics (Hunter-Bowen orogeny). This third 
stage in the history of the Bowen Basin is that of a typical foreland basin. 
The Early Permian basins adjacent to the NDB are different from the extensional rifts of 
central Queensland. Their basin fill is considerably less mature and coarser grained, and 
is interpreted as shallow to deep marine, in contrast to the fluvial and lacustrine facies of 
the basal Bowen Basin. However, volcanism in both regions is a similar suite of 
bimodal basaltic to felsic volcanics and associated minor mafic intrusives, with 
marginal within-plate and MORB geochemical signature. The main difference is the 
absence of major ignimbrites in souteast Queensland. Despite the differences, the 
basins in both regions are compatible with formation in an extensional rift environment. 
The differences may be explained by a component of strike-slip tectonics in the 
southern basins. 
Southern NEO 
Early Permian sedimentary basins are widespread throughout the southern NEO. They 
are generally fault-bounded and filled with bimodal volcanics and immature clastic 
sediments, including thick debris flow and turbidite deposits. A major change in 
depositional pattern towards marine shelf environments is recognised during the Middle 
Permian (e.g. Lindsay, 1991). This is a similar and coeval change to the phasel/ phase2 
transition in the northern NEO, and reflects a major change in tectonic environment. 
Sydney-Gunnedah Basin/ Tamworth Belt. The initiation of the Sydney-Bowen Basin is 
interpreted as a series of rifts and half grabens (Murray, 1990), which formed in 
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response to regional extension. This extension is enough to produce large volumes of 
mafic volcanics at the base of the sequence to account for the Meandarra gravity ridge 
along the centre of the basin, but it did not progress further than the development of 
intra-continental rifts, as the basin is floored by typical continental crust. Although 
Murray (1990) concedes that strike-slip faulting is active throughout the development of 
the rifts, he does not regard it as an important basin-forming process. 
'Barnard assoc iation'. A number of small, isolated, fault-bounded blocks of Early 
Permian age occur along the Peel-Manning fault system. These basins comprise 
bioturbated successions of conglomerate, sandstone siltstone and carbonate, indicating a 
shallow marine environment. Their provenance are rocks from the adjacent 
accretionary terranes, which also form the basement to a number of the Early Permian 
sections, and Early Permian volcanics from the Tamworth Belt (Skilbeck eta/., 1994). 
Mann ing Group. The Manning Group is the southernmost of the string of basins 
associated with the Peel Fault. It is considerably larger than any of the basins in the 
'Barnard association', and has been studied in far greater detail (e.g. Jenkins, 1992, 
1993; Vickers and Aitchison, 1992; Leitch, 1988). It occurs in several fault-bounded 
blocks, at the southern end of the Peel-Manning Fault system. Its lower (Early Permian) 
succession consists of marine conglomerate, pebbly sandstone and sandstone, which are 
interpreted as debris flows and turbidites. The source for these sediments are Late 
Devonian to Late Carboniferous rocks from the NEO and volcanics, probably derived 
from the Tamworth Belt. Granitic clasts are possibly derived from the Lachlan Orogen 
(Vickers and Aitchison, 1992). Debris from the adjacent metamorphic terranes is 
conspicuously absent. The thickness of the Manning Group is estimated to be 4-Skm, 
based on an organic maturation study by Jenkins (1993). 
Both, the Manning Group and the Barnard association have been interpreted as rift 
basins (e.g. Leitch, 1988) or as pull-apart basins, associated with strike-slip movement 
along the Peel Fault (Aitchison and Flood, 1992; Vickers and Aitchison, 1992). 
Recently, evidence for a strike-slip component in the formation of the basins has been 
more widely accepted, including (Skilbeck eta/., 1994): the narrow, elongate, fault­
bounded shape of the basins; the great thickness ( 4-Skm) of the succession; alignment 
of the basins along a major fault that separates terranes; the first known appearance of 
serpentinite detritus in the southern NEO (serpentinite-melange occurs in fault slivers 
along the Peel Fault); development of a slope apron architecture rather than discrete 
fans within the basins; and lack of an adjacent suitable sediment source. 
Nambucca Block. The Nambucca block is the only pervasively deformed Permian 
succession recorded in the southern NEO. It consists of a thick sequence of siltstone, 
conglomerate and sandstone, that were deposited by mass-flows and turbidites. An 
upper succession of siltstone, calcareous siltstone and limestone turbidites are probably 
equivalent to the Middle Permian marine transgression recognised in the Hastings 
Block. In contrast to the other Early Permian basins thick sequences of oceanic and 
intra-plate basalt occur in the Nambucca Block. 
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Discussion 
A comparison of the characteristics of the Early Permian basins of the northern and 
southern NEO (Table 7.3) shows that: 
1. All basins are elongate and fault-bounded. 
2. Basin fill is highly immature, consisting of a large component of bimodal basaltic to 
silicic volcanics and volcaniclastics, and detritus from the older subduction complex. 
3. Depositional environments range from fluvial, lacustrine and alluvial fan with 
abundant explosive silicic volcanics in basins formed over the former forearc and arc 
complexes, to shallow and deep marine successions, characterised by mass flow 
deposits and mafic volcanics, formed over the former accretionary complex. 
4. Volcanism is bimodal, with ignimbrite eruptions dominant in the west and basalt 
flows dominant in the east. 
5. Most units are overlain by a Middle Permian trangressional marine shelf sequence, 
reflecting a phase of thermal subsidence following extension. 
6. The Gympie Group contrasts strongly with all the other Early Permian Basins. It has 
a completely different tectonic setting, and possibly formed in an immature, oceanic 
island arc environment. 
The consistent similarities and east-west gradational features of the basins over the 
length of the NEO reflect the overall tectonic setting of eastern Gondwana during the 
Early Permian. The history of the NEO at this time marked a major tectonic transition 
from a well established Andean-style subducting margin, which was active throughout 
Table 7.3 Comparison of major features of Early Perm ian basins in the NEO. 
Bowen Basin Berserker Basin units adjacent to NDB Gympie Basin 
(Fielding eta/., 1994) (Kirkegaard eta/., (this study) (Sivell and 
1970) Waterhouse, 1987) 
Basin shape long narrow long narrow uncertain (deformed) ?long narrow 
fault -bounded fault-bounded fault bounded fault -bounded 
Rock types acid volcanics acid to intermediate conglomerate pillow basalt, 
clastic sediments volcanics, sandstone, siltstone agglomerate 
*ignimbrites cherty mudstone *diamictite andesite, shale 
lithic sandstone 
Depositional lacustrine, fluvial, marine shelf marine debris flows marine to subaerial 
environment alluvial fan, shallow marine shelf in east volcanic arc 
marine 
Provenance volcanic source volcanic source volcanic source volcanic arc 
basement terranes 
Stratigraphic <3km -3.3km 2-3km - 2.9km 
thickness 
Volcanism bimodal vitric dacitic tuff bimodal pillow basalt 
basaltic/felsic lavas andesite flows lavas, pyroclastics agglomerate 
ignimbrites andesite, rhyolite andesite, rhyolite 
mafic sills dolerite dykes 
Overlying sequence marine shelf deposits marine carbonate shelf 
deposits 
Tectonic setting graben and half graben graben pull-apart or rift basin immature volcanic 
island arc 
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the latest Devonian to Late Carboniferous, to widespread extension related to possible 
rollback or step-out of the subducting slab (Aitchison and Flood, 1992). This extension 
is associated with the deposition of numerous rift and pull-apart basins, and the 
extrusion of voluminous bimodal volcanics. Another important event of this time in the 
southern NEO is the emplacement of serpentinite-melange at high crustal levels along 
the sinistral Peel-Manning Fault (Aitchison and Flood, 1992; Offier and Williams, 
1985) simultaneous with the deposition of small pull-apart basins ('Barnard 
association'), which is evidence for a wrench component in the general extensional 
regtme. 
The evident transition from terrestrial rift basins with abundant silicic volcanism in the 
west, to marine rift basins with basaltic volcanics in the east may be a reflection of the 
nature of the underlying crust, as the transition approximately conforms with the edge of 
the former accretionary complex. 
Table 7.4 (cont.) Comparison of major features of Early Permian basins in the NEO. 
Sydney Basin and Manning Basin 'Barnard association' Nambucca Block 
Tamworth Belt (Jenkins, 1992; (Skilbeck et al., 1994) (Leitch, 1988) 
(Leitch and Skilbeck, Vickers and 
1991) Aitchsion, 1992) 
Basin shape elongate, fault- elongate small elongate fault- uncertain (deformed) 
bounded fault-bounded bounded fault-bounded 
Rock types silicic, intermediate conglomerate, pebbly siltstone, siltstone, conglomerate 
and mafic volcanics, sandstone, siltstone conglomerate, sandstone, volcanics 
tuff *diamictite sandstone, limestone *diamictite 
" ignimbrite 
Depositional shallow marine to shallow marine to shallow marine, deep marine, turbidites, 
environment subaerial deeper marine debris minor turbidites debris flows 
flows, turbidites, slope 
apron 
Provenance volcanic source non-adjacent Early Permian 
basement terranes, silicicTamworth Belt 
andesitic volcanics Volcanics, 
Palaeozoic basement 
Stratigraphic 3-4krn 5.5km 
thickness 
Volcanism bimodal, flow-banded silicic volcanic minor tuff N-MORB (McGraths 
rhyolite, ignimbrites, detritus, possibly Hump), WPB (Petroi), 
tuff derived from bimodal 
Tamworth Belt 
Overlying sequence shallow marine shelf shallow marine shelf 
environment 
Tectonic setting graben and half- rift or pull-apart basin pull-apart basin rift basin 
graben 

CHAPTERS 
TECTONIC EVOLUTION OF 
SOUTHEASTERN QUEENSLAND 
INTRODUCTION 
The Late Devonian to Triassic evolution of the NEO is a history of alternating, east­
west directed, contractional and extensional events. These events include: Andean type 
subduction during the Late Devonian to Middle Carboniferous; detachment style 
extension during the Late Carboniferous; basin and range style extension during the 
Early Permian; and thrust folding during the Late Permian (Hunter-Bowen orogeny; 
Day eta/., 1978). All these events are well documented in both, the northern and 
southern parts of the NEO (e.g. Murray et al., 1987; Little et al., 1992; Fielding eta/., 
1990; Fergusson eta/., 1993; Harrington and Korsch, 1985a, b). However, in southeast 
Queensland, the Permian-Triassic Gym pie terrane contains volcanic rocks with an 
immature island arc signature, which have previously been interpreted as exotic 
(Harrington, 1983). The boundaries of this terrane were not well defined in this models, 
and lack of detailed studies prior to the NDB project in the adjacent terranes prevented 
the recognition of any NEO tectonic elements, and therefore the development of an 
integrated tectonic model for this region. 
The chapter integrates the new information and insights gained during this study and the 
NDB project with existing published data and interpretations, to propose a detailed 
tectonic model for the Late Devonian to Triassic evolution of southeastern Queensland. 
The first part of the chapter reviews and discusses the timing constraints of major events 
in the NDB, and summarises them in a time-space plot for southeastern Queensland. 
This diagram then forms the basis for the model proposed in the second part of the 
chapter. 
TIMING CONSTRAINTS FOR MAJOR EVENTS IN THE NDB 
The regional structure of the NDB is dominated by three major structural/metamorphic 
events, D/MI> D2/M2 and D3/M3 (summarised in Table 8.1). These events resulted in 
the three-fold geometry of the block, which is made up of the upper and lower plates of 
the Mt Mia detachment fault, and the overlying allochthonous sheet of the Claddagh 
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Table 8.1 Summary of defonnational and metamorphic events affecting the NDB and adjacent region. 
(key to abbreviations: lpr-lower plate rocks, upr- upper plate rocks, smm- Mt Mia Serpentinite-matrix 
Melange) 
northern and central NDB 
Dl!Ml formation of slate-matrix melange and broken 
formation 
steep slaty cleavage in upr 
early fabric in lpr and smm inclusions 
epidote-blueschist facies metamorphism in lpr 
D2/M2 exhumation of lpr above 300°C 
syntectonic granitoid intrusions 
shallow crenulation foliation in lpr 
greenschist facies overprint in lpr 
D3/M3 continued exhumation of lpr 
D4 
D5 
folds and kinks, brittle/ductile thrust faults 
crenulation in Jimna Phyllite 
fabric in Cambroon Beds(?) 
locally developed kink bands 
locally developed, spaced crenulation cleavage 
mapscale folds in Jimna Phyllite 
north-south trending, dextral strike-slip faulting 
southern NDB 
epidote-blueschist facies metamorphism 
shallow crenulation foliation 
greenschist facies overprint 
exhumation of lpr above 300°C 
Mt Mee antiform 
crenulation intensifying toward North 
Pine Fault 
retrogressive greenschist assemblages 
minor kink bands 
regional 
open folds in Esk Trough 
folds in Gympie Basin 
foliation in Kin Kin Beds 
sinistral strike-slip 
fauhing in Ipswich Basin 
folds in Late Triassic 
volcanics 
Thrust. D1 is interpreted as a complex shear and fault environment consistent with 
thrust complexes developed within an accretionary wedge. This deformation is 
common to all upper and lower plate units and is most commonly represented by a steep 
schistosity parallel to primary layering, producing a composite bedding/foliation fabric. 
In upper plate assemblages the development of slate-matrix melange and broken 
formation is correlated with this event (Little eta/., 1992). Epidote-blueschist facies 
metamorphism in the lower plate units associated with this deformation produced 
epidote-albite-crossite (or glaucophane) ±chlorite or albite-epidote-barroisite±chlorite in 
mafic metavolcanics and quartz-crossite-phengite±gamet in metachert. Peak 
metamorphic conditions are estimated at 380-450°C and 0.5-0.SGPa (Holcombe and 
Little, 1994). 
D2 is a deformation associated with the extensional uplift of lower plate rocks beneath 
the Mt Mia Fault, and the intrusion of synkinematic, mildly S-type, granitoids. It 
produced the dominant fabric in the lower plate assemblages, either as a crenulation 
foliation, or as a transposition surface. The fabrics are shallow to moderately dipping, 
and commonly re-oriented by later flexures. They are commonly symmetric with no 
strong shear asymmetry, except in the northern NDB where limited sense of shear data 
suggest top-to-the-west movement (Little eta/., 1993). Associated with this deformation 
is a strong greenschist facies metamorphic overprint, which produced albite­
actinolite±chlorite±epidote assemblages in the metavolcanics (Holcombe and Little, 
1994). Metamorphic conditions are estimated at upper greenschist grade temperatures, 
and lower pressures than D1 (Little et al., 1992). 
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The third major deformation (D3) affecting the NDB is a west over east directed 
thrusting event, which emplaces the synkinematic granitoids and their amphibolite 
facies aureole over upper plate assemblages in the northern NDB (Claddagh Thrust). 
Other imbricate sheets contain the Marumba Beds and are responsible for internal 
stacking within the Jimna Phyllite (Chapter 4). D3 is correlated with crenulation fabrics 
in the Jimna Phyllite, and brittle folds and kinks in the northern NDB. Shear indicators 
developed locally within the Rocksberg Greenstone near Mt Mee, are late-D2, or even 
early-D3, structures, consistent with dextral, east-block up, movement (Holcombe and 
Little, 1994). The deformation is entirely post-metamorphic in the central and northern 
parts of the block, but associated with a retrogressive greenschist facies overprint with 
large albite porphyroblasts (M3) in the southern NDB (Holcombe and Little, 1994). 
Two further folding events deformed the NDB, one during the Middle Triassic (D4), and 
another during the Late Triassic (D5). D4 is an episode of open folding in the Esk 
Trough, possibly associated with dextral shear. The north-south trending faults in the 
NDB, such as the fault juxtaposing the Jimna Phyllite and Booloumba Beds, are 
tentatively correlated with this deformation. Further toward the east the deformation 
intensifies to tight folding in the Gympie Group and slaty cleavage development in the 
Kin Kin Phyllite (Murray, 1987). D5 is a gentle folding event with associated sinistral 
faulting in the Ipswich Basin, which continued throughout the deposition of the 
Moreton Basin (Cranfield eta/., 1976). The youngest known deformations in the NDB 
are normal and sinistral strike-slip fault movements along the North Pine and Bracalba 
fault systems, which offset Late Triassic intrusions and the Jurassic Nambour Basin. 
The following discussion on the timing constraints of these structural-metamorphic 
events is largely based the abundance of radiometric dates and fossil localities in 
southeast Queensland. The most recent compilation of published data is contained in 
Murphy eta/. (1976). As this compilation was restricted to the Gympie 1:250,000 sheet 
area, and important new data has accumulated since that time, a new comprehensive list 
of radiometric dating and fossil locality data was compiled for this thesis. These data, 
including their sources, are listed in Appendix V and presented graphically on the two 
maps in Figures 8.1 and 8.2. 
Subduction-accretion of NDB assemblages - D1 
Subduction and accretion of the oceanic rocks that now form the upper and lower plate 
assemblages of the NDB, began after the late Middle Devonian, when the Calliope 
island arc was accreted to the Australian craton during the Tabberabberan orogeny 
(Murray eta/., 1987). Identifiable fossils are scarce in the accretionary assemblages of 
southeast Queensland. Within the NDB only the Amamoor Beds contain Radiolaria, 
which are of latest Famenian to earliest Visean age (Ishiga, 1990; Fifoot, 1993). The 
Neranleigh-Fernvale Beds of the South D' Aguilar Block contain a poorly preserved 
marine macrofossil assemblage of Middle Devonian to Carboniferous age (Fleming, 
� 
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1974), and Radiolaria of probable Middle Tournaisian age (Aitchison, 1988a). These 
fossil assemblages suggest a maximum age for subduction of latest Devonian. 
Subduction and accretion of the NDB terminated, when the tectonic environment 
changed to extension. This extension is associated with the development of the Mt Mia 
detachment fault, and the intrusion of the Claddagh-Gallangowan assemblage, which 
yielded cooling ages between -317Ma (K/Ar; this study) and -306Ma (40Ar/39Ar; Little 
et al., 1993). A single, whole rock, 40Arf39Ar date from upper plate slates in the 
northern NDB, which yielded a total gas age of-315Ma probably reflects the 
crystallisation age of white mica, and therefore the peak of M 1 within the upper plate 
rocks (Little et al., 1993). Therefore the upper limit of subduction is interpreted to be 
Middle Carboniferous, prior to -31 7Ma. 
Exhumation of lower plate assemblages - D2 
Detailed 40 Arf39 Ar thermochronology on phengites from epidote-blueschist facies rocks 
in the northern NDB record the cooling history of lower plate assemblages, in particular 
the Mt Mia Serpentinite-matrix Melange, beneath the Mt Mia Fault (Little et al., 1993). 
The release spectra of these phengites invariably are flat, yielding plateau ages between 
-299 and 296Ma. This suggests that the rocks stayed above the white mica blocking 
temperature throughout D1 and D2, and that the ages reflect cooling related to rapid 
exhumation, rather than metamorphic crystallisation (Little et al., 1993). Plateau ages 
from different blocks in the melange are similar, and suggest that the melange was 
assembled prior to metamorphism. Results for eight phengite samples spread across 
the exposure of the Mia serpentinite-matrix melange suggest a spatial gradient in the 
40Arf39Ar ages, younging both structurally downward below the Mt Mia Fault, and 
eastward away from the surface trace of that fault. This trend is consistent with 
progressive unroofing below a developing, west-rooting, metamorphic core complex 
(Little et al., in prep.). 
As discussed in Chapter 6, the Claddagh-Gallangowan plutons intruded 
synkinematically into an active subhorizontal shear zone and into the upper plate rocks 
above. The shear zone is interpreted to be the Mt Mia detachment fault. 40 Arf39 Ar 
hornblende cooling ages from the Claddagh Granodiorite and its metamorphic aureole 
yielded plateau ages of -306-307Ma, which are interpreted to represent the thermal peak 
of M2 (Little et al., in prep.). K/Ar dates from the Gallangowan Granodiorite further to 
the south range from -320Ma (McNaughton, 1973) to -316Ma (this study). This 
slightly older age may either reflect the higher structural level of the Gallangowan 
pluton, as expected during the progressive unroofing of the metamorphic core complex, 
or it may simply be a result of the different dating techniques used. 
In contrast to the white mica cooling ages from the northern NDB, published age data 
for similar rocks in the southern NOB are consistently younger (Holcombe and Little, 
1994 ). Ar/ Ar total gas ages of white mica from the Rocks berg Greenstone near Mt Mee 
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range from -251 to -265Ma (Murphy eta/., 1987), and are confirmed by three 
40 Ar/39 Ar phengite cooling ages from epidote-blueschist facies rocks from Mt Mee that 
yield plateau ages of -259-262Ma (Little eta/., 1993). These release spectra fail to 
show any evidence of a reheating event, and Holcombe and Little (1994) conclude that 
the Rocksberg Greenstone in the Mt Mee area remained below, but close to, the -330°C 
isotherm until-260Ma. They noted that this is consistent with the observed 
development ofD3 fabrics under retrograde greenschist facies conditions, in contrast to 
the northern NDB where equivalent fabrics are post-metamorphic. 
The timing of D2 is therefore constrained by the white mica cooling ages of lower plate 
assemblages from the northern NDB at -306-298Ma, and the Gallangowan Granodiorite 
cooling ages of <320Ma. In the southern NDB, the age determined for the Rocks berg 
Greenstone near Mt Mee is -260Ma, suggesting that these rocks were exhumed at a 
much later time, possibly associated with Late Permian thrusting (Holcombe and Little, 
1994). 
Deposition of Permian and Early Triassic sedimentary successions 
The age of deposition of the diamictite-bearing basins is poorly constrained to Early 
Permian. Both eastern units, the Cambroon Beds and Cedarton Volcanics, contain Early 
Permian marine macrofossils (Murphy et al., 1976; Murray eta/., 1979). In addition, 
the Cambroon Beds also contain Radiolaria of a general Permian age (Ishiga, 1990). 
The western units, the Marumba Beds and Kandanga Creek Megabreccia, are 
unfossiliferous, apart from a poorly preserved marine macrofossil assemblage of general 
Permian age in the Marumba Beds (Parfrey, pers. comm.). A Late Carboniferous 
granodiorite clast in the Marumba Beds, dated at -318Ma (Appendix III), gives a 
maximum age of deposition, while the Monsildale Granodiorite, yielding ages of 
-253Ma (Murphy eta/., 1976; confirmed by this study) and -232Ma (this study) 
provides a minimum age. Thus the Marumba Beds are constrained loosely to the Early 
to Middle Permian. The Kandanga Creek Megabreccia lacks independent age 
constraints, but is assigned a similar age, purely relying on lithological correlation with 
the Marumba Beds (Chapter 3). 
The clast composition of conglomerates within the Marumba Beds reveals that, 
although upper plate rock types such as chert and slate are common, lower plate rocks, 
such as serpentinite and blueschist-facies schists, are absent from the provenance of the 
unit. However, the Marumba Beds contain granodiorite clasts of Late Carboniferous 
age, which correlate well with the Yabba Creek Granodiorite (see Chapter 6). This 
shows that at least those levels of the Carboniferous granitoids, which intruded into the 
upper plate of the Mt Mia Fault, must have been exposed during deposition of the 
Permian units. Thus, unroofing of lower plate rocks largely postdates deposition of the 
marine basins, supporting the suggestion that these rocks were exposed by the Late 
Permian thrusting event. 
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The two Late Permian marine units, which flank the southern part of the Esk Trough 
(Northbrook Beds and Cressbrook Creek Group), are fossiliferous and contrast in their 
depositional environment with the diamictite-bearing basins (Chapter 7). The 
Northbrook Beds contain trace fossils, fragments of bryozoa, crinoids and brachiopods 
of probable Late Permian age (Fielding, pers.comm.). The Cressbrook Creek Group 
contains abundant marine invertebrates which also suggest a Late Permian age (Briggs, 
1993). Neither unit contains any evidence of being involved in the Claddagh thrusting 
event, and both units are interpreted to be deposited during the Late Permian, after D3• 
The deposition of the Gympie Basin to the east of the NDB was a single protracted 
event that spanned most of the Permian. The four formations that comprise the Gym pie 
Group are probably conformable (Scott and Cranfield, 1993), and marine macrofossil 
assemblages in the top three formations are assigned Early Permian and Late Permian 
ages (Late Sakmarian, Artinskian and probable Tatarian; Briggs, 1993). The age of the 
basal Highbury Volcanics is less well constrained as no radiometric dating information 
is available. The beginning of volcanism in this unit is tentatively correlated with the 
formation of marine rift basins during the Early Permian (e.g. Cambroon Beds and 
Cedarton Volcanics). 
Rocks to the east of the Gympie Group (Keefton Formation, Traveston Formations and 
Kin Kin Beds) are faulted against the Permian basin, and each other, and contain only 
sparse independent age constraints. The Keefton Formation contains Early Triassic 
plant fossils (Murphy et al., 1976) and the Traveston Formation Early Triassic 
ammonoids (Runnegar, 1969). The overlying Kin Kin Beds are unfossiliferous. 
Deposition of the three units is constrained by the intrusion of the Goomboorian 
Granodiorite into the, by then deformed, Kin Kin Beds at -240-234Ma. The Kin Kin 
Beds have been variously interpreted as part of the Palaeozoic accretionary complex 
(Little et al., 1991), as a correlative of the Early Triassic Traveston Formation (Murphy 
et al., 1976), or as a Late Permian correlative of the Tamaree Formation (Harrington, 
1983). The unit contains lithologies and fabrics similar to other upper plate 
assemblages, such as the Amamoor Beds, supporting an Early Palaeozoic age. 
However, the unit contains abundant clastic biotite grains (personal observation), which 
are absent in other upper plate rocks. As this detrital biotite indicates erosion of 
granitoids, the age of the unit is probably younger than Early Permian. An Early 
Triassic age, as suggested by Murphy et al. (1976), is favoured in this thesis. 
The Early Triassic marked a major change from marine to terrestrial deposition in 
Queensland, where the oldest terrestrial succession in southeast Queensland is the Esk 
Trough. Deposition in this basin is Early Triassic, as indicated by Early Triassic 
miospore assemblages (Cranfield et al., 1976), and Kf Ar ages of -241 and -242Ma 
(Murphy et al., 1976) from the basal Neara Volcanics. 
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Late Permian thrusting - D3 
West-over-east directed thrusting during the Late Permian emplaced the Claddagh­
Gallangowan plutons and their aureoles, as well as the Permian Marumba Beds, over the 
upper plate assemblages of the NDB. This deformation is responsible for the internal 
stacking, and crenulation, of the Jimna Phyllite (Chapter 4). It is correlated with the 
formation of a steep slaty cleavage in the Permian Cambroon Beds and Cedarton 
Volcanics. Movement on the Claddagh Thrust itself is bracketed by the intrusion of the 
Kingaham Creek Granodiorite at -242Ma (Murphy et al., 1976), which intrudes both 
hanging- and footwall of the thrust, and the deposition of the Early Permian Marumba 
Beds, which occur within an imbricate sheet to the Claddagh-Gallangowan assemblage. 
A tighter upper age constraint for thrusting is the intrusion of the Monsildale 
Granodiorite into the Marumba Beds at -253Ma (Murphy et al., 1976; this study), 
unless this intrusion is part of the allochthonous sheet. 
The flood of white mica cooling ages of -260Ma in the southern NDB suggest that the 
uplift and cooling of the Rocksberg Greenstone and Kurwongbah Beds in this area is 
related to this deformation (Holcombe and Little, 1994). Thus, the Claddagh thrusting 
event most likely occurred between -253 and 260Ma. A late metamorphic crenulation 
in these rocks, which is correlated with D3, intensifies toward the North Pine Fault, 
suggesting an early movement along this fault (proto-North Pine Fault). 
Early to Late Triassic magmatism 
A major phase ofl-type granitoid magmatism and intermediate to silicic volcanism 
occurred between the Late Permian and Late Triassic. The granitoid intrusions contain 
abundant radiometric dates, that allow two intrusive episodes to be recognised (Chapter 
6). The older episode is Late Permain, and includes part of the Monsildale Granodiorite 
dated at -253Ma. The younger episode starts approximately at 240Ma (southern section 
of the Kingaham Creek Granodiorite) and continues through to approximately 220Ma 
(northern section ofKingaham Creek Granodiorite). 
Episodic, intermediate to silic volcanism is associated with the intrusions (Chapter 6). 
Available dates suggest that these volcanics intruded at approximately 10Ma intervals, 
at -240, -230 and -217Ma. This last event postdates all known granitoid ages in the 
region, and is by far the most widespread. It includes the Bellthorpe Andesite, and the 
North Arm Volcanics which may be conformable with the overlying Nambour Basin 
(M:urray, 1987). 
Middle and Late Triassic deformations- D4 and D5 
Two further, post-metamorphic, deformations are identified in the NDB: a Middle 
Triassic episode of folding, foliation development and dextral, strike-slip faulting (D4); 
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and a Late Triassic episode of open folding associated with sinistral strike-slip faulting 
(Ds). 
The middle Triassic event caused open, mapscale folds in the Esk Trough and Jimna 
Phyllite, and is correlated with folding and a slaty cleavage in the Kin Kin Phyllite and 
Keefton Formation. The northwesterly trend of folds in the Jimna Phyllite is compatible 
with a north-south trending, dextral, strike-slip faulting environment and the north-south 
faults mapped in the NDB are correlated with D4 (Chapter 4). The deformation is 
assigned a Middle Triassic age, as it postdates the deposition of the Esk Trough, but 
preceded the deposition of sediments in overlying Ipswich Basin. In the Kin Kin 
Beds/Keefton Formation it is bracketed by the intrusion of the Goomboorian Diorite at 
-234-249Ma (Murphy et al., 1976) and Lower Triassic fossils within the Keefton 
Formation. 
D5 is an open folding event associated with sinistral strike slip faulting in the Ipswich 
Basin. Folding initiated during the Late Triassic, and continued into the Jurassic to 
cause gentle flexures in the overlying Clarence-Moreton Basin (Cranfield et al., 1976). 
Strike-slip faulting 
The youngest known deformation in the NDB consists of a sinistral offset of -9km 
along the North Pine fault system, and east-block-down, normal offset along the 
Bracalba Fault, which emplaces rocks of the Jurassic Nambour Basin against the NDB. 
These fault movements are very loosely constrained to post-Lower Jurassic, and might 
well be correlated with other sinistral strike-slip faulting related to the opening of the 
Coral Sea during the Early Tertiary (e.g. Cumberland fault zone; Parianos, 1993). 
Time-space plot 
The age constraints discussed above, together with other published data, were compiled 
to assemble a time-space plot for southeast Queensland (Figure 8.3). The plot shows 
the development of southeast Queensland from the Late Devonian to Tertiary. Units to 
the west of the Esk Trough, that form an integral part of the New England Orogen, such 
as the Auburn Arch, Yarrol Block and Bowen, Drummond and Great Artesian Basins, 
are also included in this plot. 
TECTONIC EVOLUTION OF SOUTHEAST QUEENSLAND 
The Late Devonian to Early Mesozoic tectonic history of the NEO can be summarised 
as two subduction-accretion events, with an intermittent phase of extension and possible 
transform faulting during the Late Carboniferous (Murray et al., 1987; Fergusson and 
Leitch, 1993). The first event was marked by prolonged subduction and development of 
a major accretionary complex (Day et al., 1978). Late Carboniferous extensional 
deformation is associated with the exhumation of epidote-blueschist facies rocks and the 
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intrusion of synkinematic granitoids beneath the Mt Mia Fault (Little eta/., 1992). The 
second, Early Permian, subduction event is relatively short-lived, characterised by 
subduction east of the Gym pie island arc, and possible marginal basin development 
(Sivell and McCulloch, 1993). A regionally widespread, Late Permian thrusting event 
(Hunter-Bowen Orogeny) exposed rocks from deeper levels of the accretionary 
complex, including Carboniferous granitoid intrusives. Rocks of the Permian arc were 
folded and accreted to the continent by the Early Triassic, followed by a period of major 
1-type magmatism and associated intermediate volcanics. Passive subsidence led to 
widespread continental basin development during the Jurassic and Cretaceous (Fielding 
eta/., 1990). 
Late Devonian to Early Carboniferous subduction-accretion 
The stage was set for the development of the NEO when rocks of the Calliope island arc 
were folded and accreted to the Australian continent during the late Middle Devonian 
(Tabberaberan orogeny; Murray eta/., 1987). A new, Andean style, convergent margin 
developed during the Late Devonian above a westerly dipping subduction zone (Figure 
8.4A). The tectonic elements comprising this margin are now recognised in parallel, 
north-northwest trending belts, that can be discontinuously traced for the entire length of 
the NEO between Newcastle and Bowen (Murray eta/., 1987). From west to east these 
elements comprise: backarc basin; continental volcanic arc; forearc basin; and 
accretionary complex. 
In the southern Queensland section of the NEO, the Drummond Basin (backarc basin), 
Auburn Arch (continental magmatic arc) and Yarrol Basin (forearc basin) were 
established well inland of the Yarrol Fault, on the cratonised rocks of the Lachlan 
Orogen. The Auburn Arch, a pile of dacitic and rhyolitic pyroclastics and andesitic 
volcanics, was shedding detritus into the Yarrol forearc basin to the east (Murray eta/., 
1987). This basin is a partly marine, partly terrestrial, shelf sequence with a decreasing 
volcanic component away from the arc. It contains Late Tournaisian to Late Visean 
oolitic limestones, that formed in periods of decreased terrigenous sedimentation. 
Oolite-bearing greywackes occurring in the Beenleigh and South D'Aguilar blocks 
suggest spilling over of forearc sediments into the accretionary wedge to the east during 
that time (Murray eta/., 1987). 
To the east, a large accretionary wedge developed, the Wandilla slope and basin 
(Murray eta/., 1987). Elements from contrasting structural levels within this wedge are 
now juxtaposed in fault-bounded blocks within the Yarraman, D' Aguilar and Beenleigh 
Blocks. Ocean floor sediments and mafic volcanics such as the Wide Bay Broken 
Formation, Amamoor Beds and Booloumba Beds (i.e. future upper plate units) were 
scraped off the oceanic plate at the toe of the accretionary wedge, and included as fault 
slices within the upper levels of the prism. The formation of broken formation in the 
pelitic successions is correlated with this process. Other rock units, such as the 
Rocksberg Greenstone and Kurwongbah Beds (i.e. future lower plate units), were 
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underplated and subducted to depths of about 20km (Holcombe and Little, 1994), and 
accreted to the base of the prism, where they were metamorphosed to epidote-blueschist 
facies. This happened early in the subduction history, before the development of the 
serpentinite flow-melange channel (Chapter 5). Furthermore, the Rocksberg Greenstone 
near Mt Mee is interpreted as a seamount, that was intercalated with the Kurwongbah 
Beds during underplating (Holcombe and Little, 1994). 
During the Early to Middle Carboniferous, volcanic activity in the Connors-Auburn 
volcanic arc ceased, and the arc became the site of major granite emplacement (Day et 
al., 1983). At about the same time, the Yarrol Basin was uplifted and exposed. In the 
east, active convergence shifted to one of detachment-based extension. 
Late Carboniferous extension 
A major change in tectonic environment from convergence and accretion, to extension 
and the development of a metamorphic core complex, took place in the NDB during the 
Late Carboniferous (Figure 8.4B). This change has previously been interpreted as a 
rollback or outstepping of the subduction zone to the east (Little et al., 1991 ), or as a 
major change in the plate tectonic setting from convergent margin to transform faulting 
(Murray et al., 1987; Fergusson and Leitch, 1993). The model introduced by Little et 
al. (1991) suggests rollback or outstepping of the subduction zone, placing the NDB in a 
backarc extensional setting. The synkinematic plutons, and the greenschist facies 
metamorphic overprint, would have been a reflection of mantle upwelling to replace a 
slab of oceanic lithosphere that either had been detached, or had steepened in dip and 
retreated seaward. The problem with this model is that the only evidence for Late 
Carboniferous subduction in the northern NEO is calc-alkaline magmatism in the 
Connors-Auburn Arch (Dear, 1994). This volcanic activity occurs well to the west and 
north of the NDB, and is an unlikely candidate for a volcanic arc, as steeper, or 
outstepped, subduction expects a seaward shifting of the arc (Cross and Pilger, 1982). 
There is no suggestion of renewed subduction in southeastern Queensland until the 
Early Permian. 
An alternative model (Murray et al., 1987; Fergusson and Leitch, 1993), envisages this 
time as a period of dextral transform faulting resulting from the subduction of an active 
mid-oceanic ridge, analogous to the formation of the San Andreas Fault in the western 
United States. The extension in southeast Queensland would then be correlated with the 
basin and range extension in the western US. This model seems to provide a good 
explanation for the absence of subduction elements during the Late Carboniferous, 
however a major problem is the lack of evidence for dextral shearing in southeastern 
Queensland during this time. The model was originally developed to explain, on a 
regional scale, the repetitions and apparent mega-folding of forearc and accretionary 
elements in the southern NEO, however an evaluation of this aspect of the model is 
beyond the scope of this study. 
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Tectonic evolution of southeastern Queensland 
After uplift, and intrusion of foliated I-type granitoids into the former volcanic arc 
(Stephens, in prep.), the Drummond and Yarrol Basins, as well as the Auburn Arch 
remained exposed to the surface. The Yarrol Fault developed as a major fault at this 
time, marking the edge of the craton, and exposing slivers of serpentinite. Silicic 
volcanics, the Bulgonunna and Combarngo Volcanics, erupted in the Drummond and 
Bowen Basin region (Day eta/., 1983). 
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In the North D' Aguilar area, a large, west-rooting, metamorphic core complex 
developed within the old accretionary complex. Its detachment surface, the Mt Mia 
Fault, cut through the lower parts of the wedge, mostly following the top of the 
serpentinite-melange channel, which provided an existing structural weakness. The 
movement on the detachment had the effect of pulling back part of the subducted 
oceanic slab and deeper levels of the wedge against the upper levels of the accretionary 
prism, thereby juxtaposing high PIT rocks against lower grade, upper plate rocks. This 
partial exhumation of deeper, hotter rocks, and the thermal relaxation associated with 
the end of subduction, provided the heat source for greenschist facies metamorphic 
overprinting in the lower plate assemblages. 
Synkinematic granitoids intruded into, and along, the detachment and into its upper 
plate. Fabrics in these intrusions reflect the ongoing deformation associated with the 
detachment. However some early fabrics in the Claddagh Granodiorite reflect the 
influence of the waning contractional deformation (Little eta/., 1991). The mildly S­
type character of the intrusions suggests that they formed by partial melting of mafic 
rocks with some pelitic input, such as would occur in the lower levels of the 
accretionary wedge. The presence of contact aureoles around the plutons indicates 
intrusion into slightly colder wall rocks, rather than in situ partial melting. This 
suggests at least some transport of the magma, possibly along dilational zones within 
the Mt Mia Fault, to their final position. 
Early Permian subduction and backarc extension 
The Early Permian saw renewed subduction in southeast Queensland, forming an 
immature island arc (Gympie arc) to the east of the former accretionary complex, and 
leaving the NEO in a backarc extensional environment. The mode of extension, 
however, changed from localised, detachment-based, extension to widespread block­
faulting with associated rift-volcanics, and abundant mass-flow deposits (Figure 8.4C). 
The subduction event was short-lived. By the Middle Permian, volcanism in the 
Gympie arc ceased completely and sedimentation changed to limestone deposition 
(South Curra Limestone). Simultaneously backarc extension ceased, and block faulting 
in the easternmost rift-basins (Bowen Basin) changed to thermal relaxation and 
subsidence (Fielding eta/., 1990). 
Volcanic dominated rift-basins developed throughout the northern NEO during the 
Early Permian (Chapter 7). In central Queensland these rifts form the first stage in the 
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development of the Bowen Basin (e.g. Youlambie Conglomerate, Camilla Beds, Lizzie 
Creek Volcanics), overprinting the Yarrol Block and Auburn Arch (Fielding eta/., 
1994). On the former accretionary complex, similar, but marine basins flank the NDB 
(e.g. Marumba Beds, Cambroon Beds). These basins are probably partially bounded by 
faults developed during the detachment extension, which remain the focus of further 
deformation throughout the following history (e.g. Great-Moreton Fault, Bracalba 
Fault). The rift basins are marine, and contain mass-flow deposits dominated by 
andesitic to rhyolitic volcanics. The presence of metamorphic detritus in the sediments, 
including Carboniferous granodiorite, indicates the continuing exposure and erosion of 
the metamorphic basement. 
At the same time the lower part of the Gympie Group formed as an immature island arc, 
on oceanic crust, seaward of the former accretionary complex (Sivell and McCulloch, 
1993), with an associated forearc-trench complex offshore with respect to todays 
coastline. One school of thought has suggested that the Gym pie Group is exotic, as it 
shows more similarities with the Rangitara Orogen of New Zealand than the New 
England Fold Belt (Harrington, 1974, 1983; Waterhouse and Sivell, 1987a, b etc.). It 
suggests that the Gym pie Province was part of a Permian immature intra-oceanic island 
arc, possibly continuous with corresponding arc-fragments in New Zealand and New 
Caledonia. Docking and accretion to the Australian continent would have taken place in 
the early Triassic (235-240Ma), contemporaneous with the end of sedimentation in coal 
bearing basins in eastern Australia. The New Zealand and New Caledonia portions then 
would have drifted away from Australia with the opening of the Tasman Sea during the 
early Cretaceous (Harrington and Korsch, 1985a, b). 
This model for an exotic origin of the Gym pie Group is not adopted in this thesis as no 
major fault has been clearly identified between the Gym pie Group and the NEO to the 
west (c.f Harrington, 1983), and there is no need to evoke an exotic origin for the 
Gym pie Group. On the contrary, in the model presented here, the Gympie Group is 
interpreted to have formed close to its present position, as an integral part of the Early 
Permian convergent margin. Its depositional record correlates well with 
structural/tectonic events on the continent. For example, the age of the youngest 
volcanic rocks in the Ram mutt Formation correlate with the end of rift extension on the 
continent, and the renewed input of clastic detritus in the Tamaree Formation correlates 
with Late Permian thrusting further west. However, some dextral translation of the 
Gym pie Group may have taken place to account for the correlation problems accross the 
Bracalba Fault (Chapter 4). 
Late Permian thrusting 
A major thrusting and mountain-building event is recognised throughout the NEO 
during the Late Permian (Hunter-Bowen Orogeny; e.g. Murray et al., 1987). In the 
northern NEO this deformation produced the Gogango overfolded zone, and an 
associated change to foreland loading deposition in the Bowen Basin (Fielding eta/., 
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1990). In the southern NEO deformation produced complex folding and faulting 
patterns, and movement on the Hunter-Mooki Thrust (Collins, 1991). 
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In comparison, southeastern Queensland only experienced a moderate thrusting event 
(Figure 8.4D). Deformation on the craton is limited to folding in the Yarrol Block, 
possibly with associated movement on the Yarrol Fault. Deformation in the former 
accretionary wedge is more complex and dominated by thrust faulting with a possible 
dextral strike-slip component. In the NDB, thrusting is west-over-east and imbricate 
sheets stack the Jimna Phyllite, Claddagh-Gallangowan assemblage and Marumba Beds 
(Chapter 4). Further to the east, a slaty cleavage developed in the Cambroon Beds, 
possibly with some associated strike-slip movement on the proto-Bracalba Fault, to 
position them against the Booloumba Beds. Sedimentation in the Gym pie Group 
changed from limestone sedimentation to shale and sub-greywacke (Waterhouse and 
Balfe, 1987), probably reflecting new continental input from the uplift generated by 
thrust faulting. 
Recent reconnaissance mapping in the Yarraman Block by R.J.Holcombe and D.Gust, 
revealed foliated granitic rocks similar to the Claddagh-Gallangowan assemblage, that 
may have been exposed by.similar thrusting as in the NDB, but with a reversal in sense 
of thrusting approximately centred on the position of to days Esk Trough. This reversal 
could be explained by the presence of a dextral transpressional fault zone, with the 
outward thrusting on either side of this fault representing a flower structure. This model 
can be taken one step further to explain the deposition of the Cress brook Creek Group 
and Northbrook Beds at the southern end of the Esk Trough: at about the northernmost 
exposure of these units, the Esk Trough changes from a north-northwesterly to a north­
south trend, positioning this southern end in a possible transtensional environment, 
producing pull-apart basins. 
Early to Middle Triassic 
During the Early Triassic, the Esk Trough formed, possibly as a narrow, north­
northwest trending half-graben (O'Brien et al., 1990), which coincides with the position 
of change in the direction of Late Permian thrusting. The lower part of the basin is 
dominated by andesitic conglomerates (Murphy et al., 1976). Small amounts of detritus 
from the basement blocks indicates continuing erosion of the NDB to the east. At the 
same time, the marine Triassic succession of the Gympie Basin was deposited to the 
east of the present basin. 
Early Triassic sedimentation terminated in a regional folding event that produced, map­
scale, open folds in the Esk Trough and NDB, and increased in intensity to the east to 
produce a slaty cleavage with associated westward directed thrusting in the Kin Kin 
Phyllite (Scott and Cranfield, 1993). The orientation of fold axes is north-northwest, 
which is compatible with a north-south directed, dextral strike-slip component to the 
deformation. The north-south trending faults in the NDB are correlated with this event. 
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This deformation (D4) is correlated with the uplift and accretion of the Gympie Group to 
the continent. 
Late Triassic to present 
After final accretion of the Gym pie Group, and associated deformation, the Ipswich 
Basin formed as an intramontane basin, over the southern end of the Esk Trough. It was 
deposited in alluvial plain, and later floodplain, environments, and records the continued 
erosion of the NDB metamorphic basement, as well as of Permian sediments (Falkner et 
al., 1988). 
A major phase ofi-type granitoid magmatism, and associated andesitic to rhyolitic 
volcanism occurred east of the Esk Trough between -240 to 220Ma. The intrusions 
form extensive, largely undeformed plutons, with well developed contact aureoles, 
suggesting intrusion into a cold upper crust by non-forceful mechanisms. The plutons 
commonly obscure important rock unit boundaries within the basement blocks, 
suggesting that their intrusion followed existing weaknesses in the crust, such as 
imbricate faults associated with the Claddagh Thrust (Kingaham Creek Granodiorite), or 
associated strike-slip tear fault systems (Neurum Tonalite). The granitoid intrusions are 
associated with several phases of andesitic to rhyolitic volcanics, which commonly form 
flat or gently folded blanket deposits directly above or close to the intrusions (e.g. 
Bellthorpe Andesite, North Arm Volcanics). Trace element compositions of both 
intrusions and volcanics show a typical calc-alkaline signature, suggesting a continental, 
rather than volcanic arc, origin for this magmatic phase. 
The deposition of widespread continental basins in the Early Jurassic marks the 
beginning of stable cratonic conditions in the southeast Queensland region. These 
basins reflect a protracted period of passive subsidence (Fielding et al., 1990), and are 
the last rocks associated with the evolution of the NEO in this region. Younger events, 
such as the deposition of the Cretaceous part of the Maryborough Basin, gentle folding 
of these rocks and a final sinistral offset along major strike-slip faults (North Pine Fault) 
are probably related to the opening of the Tasman and Coral Seas and the formation of 
passive margins along the eastern Australian coastline. 
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APPENDIX I 
GEOLMAP3.0 
A program to plot and manipulate data on maps, stereo graphic projections and rose diagrams 
drawn with AutoCAD 10. 
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INTRODUCTION 
Geolmap is a set of AutoLISP programs for use with AutoCAD 10. Its main application is to 
plot and manipulate geological field-mapping data, including the ability to define structural or 
lithological map domains. It includes routines to import data from ASCII files and plot them 
either as symbols on a map, as simple stereographic projections, or as rose diagrams. 
Optionally the data can be imported as both, map symbols and stereographic projection, that 
are linked so that each can later be manipulated with respect to the other. Contoured 
stereo graphic projections can be imported from the program ORIENT (Holcombe, 1991 ). 
Other routines facilitate digitising and exporting field locations for use in customised database 
packages such as Regmap (Foxbase; Queensland Department of Mines) or Geolmap 
(dBaseiii+; this study). 
Combining Geolmap with an appropriate textural database, and the power of AutoCAD for 
digitising data from various sources at different scales, creates an effective tool for processing 
field mapping data, from the stage of compiling the data from air photos or base maps, to 
plotting publication-quality maps, and illustrations. A typical sequence of tasks would begin 
by digitising fieldlocations, and other geological mapping data, directly from air photos or 
fieldmaps to an AutoCAD drawing (Figure I.1 ). The geographical coordinates and 
fieldlocation numbers are then transferred to the database via a fixed column ASCII file, to 
form new records to which the textural part of the field mapping data is added. It is now at 
the liberty of the user to create any number of fixed column ASCII files containing sets of grid 
coordinates and associated fabric data. These files can then be imported into AutoCAD to 
produce maps, stereographic projections or rose diagrams. 
INSTALLATION 
Geolmap 3.0 is considerably different in structure to previous versions. It is designed not to 
B Digitize fieldlocations from field maps, using Geolmap digitising functions. 
Export fieldlocation numbers and 
their map coordinates to ASCII file. 
Import text file into your database, 
creating new records, and add 
structural fabric data. 
Export coordinate information 
and structural data to ASCII file. 
B Create and manipulate maps, rose diagrams and stereographic projections with Geolmap. 
Figure 1.1 Flow of data between AutoCAD and a database using fixed column format ASCII files. 
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interfere with any existing customization. However, several files and parameters need to be 
adjusted so that Geolmap can run. It is assumed here that AutoCAD is set up and running 
efficiently, using all the available extented or expanded memory of your system. (Note: 
contrary to the instructions in its installation manual, AutoCAD 1 0 does not recognise 
extended memory, unless it is emulated as expanded memory. This can be accomplished with 
the "emm386.exe" driver supplied with MSDOS 5.0). 
AutoLISP has to be enabled in the "Operating parameters" section of the configuration option 
of the AutoCAD opening menu. If you have an 80386, or higher, system with enough 
expanded memory, installing extended AutoLISP will improve the speed of the Geolmap 
routines. If you choose not to install extended Auto LISP, set the system variables "lispheap" 
and "lispstack" to 30000 and 10000 respectively to avoid running out of node space. Please 
refer to the AutoCAD installation manual for further details on optimising your setup. For a 
general guide, two typical batch files, one for a basic system without expanded memory and 
one for an advanced system with two or more megabytes of expanded memory are listed in 
Table !.1. 
Table 1.1 Two examples of batch files to run AutoCAD 10 with Geolmap. 
386 with 4mb RAM No expanded memory 
set lispxmem=O, 1 024k 
set acadlimem=512k 
set acad=c:\acad\geolmap 
set geolmap=:c:\acad\geolmap 
extlisp 
a cad 
remlisp 
set lispxmem= 
set acadlimem= 
set acad= 
set geolmap= 
set lispheap=30000 
set lispstack= 10000 
set acad=c:\acad\geolmap 
set geolmap=c:\acad\geolamap 
a cad 
set lispheap= 
set lispstack= 
set acad= 
set geolmap= 
The following is a step by step guide to install Geolmap on your system: 
1 .  Create a subdirectory under your AutoCAD program directory (e.g. c:\acad\geolmap), and 
copy all files on the floppy disk to that directory. 
2. Include this new directory in the path statement. 
3. In the batch file that starts AutoCAD, add lines to set the system variables "acad" and 
"geolmap" to that path (e.g. acad=c:\acad\geolmap). To release DOS environment space 
after the use of AutoCAD you can reset the variables after executing AutoCAD (see Table 
!.1 ). 
4. If you have an "acad.lsp" file, i.e. a program file that will execute automatically on starting 
a session, add the line (including parenthesis) "(load "geolmap")" to the bottom of the file. 
If you do not have this file, create it in the AutoCAD program directory. It only needs to 
contain the one line. 
5. In your "acad.pgp" file, i.e. the file that controls memory allocations for external 
commands, add the line "GEOLMAP,GEOLMAP,200000,4". 
6. Concatenate the "gmmenu.mnu" file to the bottom of your current menu file (e.g. 
acad.mnu), and delete the compiled menu file (e.g. acad.mnx) to force AutoCAD to 
Geolmap 3.0 
recompile the modified menu. Geolmap will add another pull-down menu, and several 
icon menus to the existing ones. However side menus are not affected. 
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Geolmap should now be fully installed on your system and ready to go. Open a drawing and 
choose the "Setup system variables" option from the "Geolmap" pull down menu to prepare 
the open drawing . 
Note to AutoLISP programmers: Although emphasis is placed on transparency to already 
present customizations, some problems may occur. Geolmap 3.0 defines several new pull­
down and icon menus, called POP9, GMSYM1-4 and GMSYM1A-4A. Renumbering the 
pull-down menu to some other number will not affect Geolmap, however changes to the other 
menu names requires changes to "geolmap.lsp". Note that there can be no more than 10 
simultaneous pull-down menus in AutoCAD. 
To link maps and stereographic projections, Geolmap uses the user system variable "userr5" 
to assign thicknesses to the symbols drawn. This system variable can be changed to a 
different number by changing all references to it in "geolmap.lsp", however it cannot be 
replaced by a local lisp variable, as it needs to be remembered from one editing session to the 
next. Substituting the supplied shape definition file (geolmap.shx) with your own should 
work, although some options such as automatic symbols, or picking the symbol from icon 
menus will not be available without major changes to menu and slide files. 
GEOLMAP MAIN MENU 
The Geolmap main menu is the right-most pull-down menu at the top of the screen. 
Highlighting it and clicking the left mouse button will open up the menu options. Note that 
all menu items and prompts used in the program conform to the AutoCAD conventions, so 
that for example " ... " following a menu option indicates the presence of submenus, rather than 
direct execution of a function. While using the mouse to pick menu items is the most 
common method, the Geolmap routines can also be directly accessed through the command 
line by entering the commands listed after the menu item descriptions below. 
EDIT SYSTEM VARIABLES (Command: GMSETUP) 
This is a new routine to prepare your drawing for using Geolmap. It sets various system 
variables to new values, imports and inserts two blocks, loads the symbol library, and stores 
the fieldlocation prefix to memory. You will have to run this routine only once in every new 
drawing you use with Geolmap. From then on the settings will be remembered in all further 
editing sessions, provided the drawing was saved after running GMSETUP. If you need to 
reset any of the variables for your own purposes, just run GMSETUP again before running 
any Geolmap programs. 
The modified systems variables are: 
angbase = 0 set the zero angle to north 
ang dir = 1 set the angles to increase in a clockwise direction 
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attdia = 0 
aunits = 0 
auprec = 2 
coords = 2 
lunits = 2 
luprec = 2 
skpoly = 1 
Appendix l 
suppress dialogue box when block attributes are edited 
set angular units to decimal degrees 
set angular display to two decimal places 
facilitate continuous update of coordinate display 
set linear units to decimal 
set linear display to two decimal places 
generate poly lines when sketching (i.e. digitising) 
The two blocks imported store the fieldlocation prefix, and the definition for the inserted 
fieldlocations. GMSETUP will also load a shape file (geolmap.shx) that contains the fabric 
symbol definitions. 
FIELDLOCATION INSERT 
Geolmap contains a predefined block for fieldlocations. The block contains two attributes: a 
four character long constant prefix and a field number or code of unspecified length. You can 
preset the prefix with the PFEDIT (see below) command, so only the field number or code 
needs to be typed in for every location digitised. You can also insert the block "gmfloc" from 
the keyboard prompt, in which case you will have to answer all prompts manually, for each 
location. The menu option will insert this block at the point you specify and prompt you to 
enter a field number. 
Enter fieldlocation number: (enter identification string) 
The insertion routine will be repeated over and over until you press "'C to abort the action. 
EDIT LOCATION PREFIX (Command: PFEDIT) 
When you use Geolmap for the first time with a new drawing or you run GMSETUP more 
than once, the fieldlocation prefix is reset to "XXXX". The PFEDIT routine allows you to 
change this prefix for all subsequently inserted fieldlocations. However it will not change 
existing fieldlocations. To change existing attributes use the A TIED IT command described 
in the AutoCAD Reference Manual (AutoDesk, 1988). 
PFEDIT pops up a window with the current prefix. You can edit the window in the same way 
as any typical AutoCAD block attribute (which in fact you are doing). Please restrict the 
length of the prefix to four characters, otherwise it will overlap with its associated field 
number. 
EXPORT FIELDLOCATIONS (Command: PFEXP) 
Digitised location coordinates and codes can be transferred to ASCII files with the PFEXP 
command. First you have to choose the fieldlocations to be exported. There are three ways to 
do this: "All" or just pressing <Enter> will export all fieldlocations present in the drawing, 
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"Layer" will filter out only those locations present on the specified layer, and "Pick" lets you 
choose a set of locations. At the "select objects:" prompt the usual AutoCAD selection modes 
such as "windows", "crossing", "last" and "previous" are available by responding with "w", 
"c", "1" or "p" respectively. 
Command: PFEXP 
AlVLayer/Pick<All>: (select objects as described above) 
N arne of file to export: (enter file name without ex tens ion, but with optional path) 
The file created can be used to transfer the data to a database or spreadsheet. The data is 
contained in a fixed column ASCII file with a "*.txt" name and the following format: 
Basting start column: 1 width: 
Northing start column: 10 width: 
Prefix start column: 19 width: 
Field number start column: 23 width: 
MAPS, STEREOS & ROSES (Command: MASTRO) 
9 
9 
4 
5 
One of the major features of Geolmap is the automatic plotting·of structural fabric maps, 
stereographic projections and rose diagrams from data contained in fixed column ASCII files. 
These plots are controlled by a small ASCII file containing necessary parameters. The "Maps, 
Stereos &Roses" menu item invokes the MASTRO menu program to edit these parameters, 
and to call the appropriate subroutines. This menu screen can be controlled by several keys: 
<up>/<dn> The up and down arrow keys of the number keypad can be used to move through 
the parameter options. The highlight will indicate the current option. <Fl > This key either 
toggles between the available options, or facilitates entering of a new string. <ESC> Escape 
accepts the parameters on the menu page and returns to AutoCAD to start the construction of 
the chosen plots. 
The menu screen is divided into two sections: A header section valid for all three types of 
plots, controlling input from the ASCII file, and a section comprising the parameters 
necessary for the individual plots. The latter are described in the section on maps, 
stereographic projections and rose diagrams (see below). The header section controls where 
Geolmap looks for the data to be plotted, and optionally the layer, colour and symbol 
specifications: 
Command: MASTRO 
Filename to import: (enter file name without extension, but with optional path) 
Data: 
1 ( easting): (enter starting column and column width of coordinate eastings) 
2 (northing): (enter location of data column used for coordinate northing) 
3 (dip): (enter location of data column used for dips or plunges) 
4 (azimuth): (enter location of data column used for dip azimuth or plunge direction) 
5 (labels): (enter location of data column used for labels associated with symbols) 
If dips are to be plotted next to structural fabric symbols, enter the colunm containing the dip 
information in both, the "dip" field and the "labels" field. 
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The "Control:" section is an optional feature to permit the use of extra plotting information 
contained in the ASCII file. For each symbol plotted a column is read in the data file to define 
its symbol name, colour and layer. These options are activated by responding with 
"bycolumn" in the "layer:", "colour:" and "symbol:" fields. See sections 8.1 and 8.2 for 
details. 
Control: 
layer: (enter starting column and column width of layer names) 
colour: (enter location of data column containing colour information) 
symbol: (enter location of data column containing symbol shape names) 
The last section of the header contains three switches, which control the plotting of maps, 
stereographic projections and rose diagrams. The plots are independent of each other, and 
will be created one after the other. 
Map: (on/off) 
Maps 
Stereo projection: (on/off) 
Rose diagrams: (on/off) 
This subroutine will take location and orientation data from an ASCII file, and plot these as 
symbols with optional labels on a map (Figure I.2). The plotting parameters are as follows: 
layer: (enter name of layer, ;,current" or "bycolumn'') 
color: (enter name or number of colour, "bylayer'' or "bycolumn") 
symbol<?>: (enter symbol name, "?" or "bycolumn'') 
scale: (enter scale of symbol in drawing units) 
rotation: (on/off) 
automatic: (on/off) 
prop size: (on/off) 
labels: (on/off) 
scale: (enter scale of text label in drawing units) 
"Layer", "color" and "symbol" set the color, layer and symbol to be used for the plotting. 
These parameters can either be constant for all of the imported data from one file, or change 
according to extra information contained in that data file. If they are constant, simply enter 
their names in the corresponding fields or respond with "current", "bylayer" or "?" 
respectively. "Current" and "bylayer" are AutoCAD supplied options, sending the data to the 
current layer and default (layer-linked) color. Entering "?" in the symbol field will cause the 
display of a series of icon menus, displaying the symbols available. In this case make your 
choice by clicking the pointer in the small square next to the displayed symbol. If any of 
these parameters are to be varied according to further data contained in the data file, enter 
"bycolurnn" in one or more of the fields. This will transfer the control to the appropriate data 
column of the ASCII data file, as set in the header (see MASTRO above). Tiris way you can, 
for example, import data from different rock units in one file and differentiate them by colour, 
layer and/or type of symbol. 
The next four fields define the symbol itself. You can choose its size in drawing units, rotate 
the symbol to point in the direction of its azimuth (for structural symbols), automatically 
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Figure 1.2 Examples of maps imported from ASCII files: A. ''automatic" foliation symbols with dips, B. general 
symbols controlled by data file, C. lineation symbols sized proportional to their plunges. 
select the symbols for horizontal, vertical and trend data (this is only available with the 11bed11, 
,.fol'\ ,.fol2,. and ,.joint,. symbols), and scale the size of the symbol proprtional to its dip (for 
plotting lineation maps). 
The last two fields optionally plot text labels next to the symbols, and set the size of the text 
to be inserted. The optimal size for dips plotted next to structural mapping symbols is about 
half the size of the symbol itself. 
Note: All structural data must be in the form of dip and dip azimuth or plunge and plunge 
direction! 
Stereographic Projections 
Equal area stereo graphic projections of lines or poles to planes contained in ASCII files can 
be constructed with this option (Figure I.3). Control of the file format is the same as for maps 
and rose diagrams and described in the MASTRO section. The parameter options listed 
below control the projection in the following way: 
Layer: (enter name of layer, "current" or "bycolumn'') 
Color: (enter name or number of colour, "bylayer" or "bycolumn'') 
Label: (enter string to be plotted above stereo circle) 
Data type: (lines/planes) 
Symbol <or?>: (enter symbol name, "?" or "bycolumn'') 
The options for 11layer11, 11colour11 and ,.symbol,. are the same as for plotting maps and are 
described in detail above. The label option writes a string centrally above the stereographic 
circle, and the Data type option toggles between plotting the data as lines or poles to planes. 
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After accepting the parameters on the MASTRO menu screen, the program will either display 
an icon menu to pick a symbol (only if you answered"?" at the "Symbol:" option) or ask for 
the position and size of the projection circle: 
Enter centre and radius of projection: (pick position and size of projection on screen) 
This routine is written for quick and simple stereographic projections and for linking with 
corresponding data on maps. For contouring and rotating data on stereographic projections 
and other more specialised applications refer to the ORIENT set of programs by Holcombe 
(1991). A routine to import contoured stereographic projections from ORIENT to AutoCAD 
is described below. 
• 0 0 0 
0 0 co 
0 
0 
.. 0 
N 
0 
+ 0 
0 
.. 
0 
0 
.. .. 
0 
Figure 1.3 Example of stereographic projection constructed by Geolmap. 
Rose Diagrams 
The third option called by MASTRO constructs rose diagrams using directional data from the 
ASCII file. These data can be presented in different ways (Figure !.4). Control of the file 
format is the same as for maps and stereographic projections and described in the MASTRO 
section. However the only data field necessary for this routine is field "4 (azimuth)". 
layer: (enter name of layer or ''current'� 
colour: (enter name or number of colour or "bylayer'') 
label: (enter string to be plotted below rose diagram) 
trend/azimuth: (trend/azimuth) 
polar data: (onlojj) 
circle type: (fu/1/halj) 
direction: (north/east/south/west) 
sector size: (enter size of sector in degrees) 
circle: (onlojj) 
axes: (onlojj) 
proportion: (area/length) 
Geo/map 3.0 
The "Control:" section in the header part of the menu screen does not apply to the rose 
diagram option. Instead just fill in the name of the layer and color to be used for plotting. 
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The label string will be plotted centrally below the rose diagram along with the number of 
data points and the maximum bin content in percent of the total data points. If you choose 
"azimuth" in the "trend/azimuth:" option 90 degrees will be added to all your data to convert it 
to trend values. "polar data:" will either treat your data as it comes as 000-360 ("on"), or 
recalculates it to 000-180 ("off'). 
The "circle type:" and "direction:" will optionally plot only a half circle using the chosen 
sectant. If the data is plotted as a half circle, it will be treated like non-polar data, i.e. 
recalculated to 000-180. Also, if non-polar data is plotted on a full circle, its rays are repeated 
to form a radially symmetric rose diagram. 
"Sector size:" controls the bin size for the rose diagram in degrees. If you plan to use half 
diagrams, adjust the sector size, so that a boundary coincides with the horizontal and vertical 
axes, otherwise the results may be unpredictable. The "circle:" and "axes:" options optionally 
turn the circle and axes on or off. The final option, "proportion:" controls the scaling by either 
making the radius or the area of the rays proportional to the contents. When all the options 
are filled out and accepted, the program will prompt you to insert the rose diagram on the 
drawing. 
Enter centre and radius of rose diagram: (pick position and size of rose on screen) 
A B 
Rose 1 Rose 2 
37 pts, mox = 27.03% 37 pts, mox = 18.92% 
c D 
Rose 3 Rose 4 
37 pts, mox = 27.03% 37 pts, mox = 27.03% 
Figure 1.4 Examples of various rose diagrams plotting the same data: A. Full circle diagram of non-polar data, 
B. Full circle diagram of polar data without axes or circle, C. Half diagram of non-polar data - length 
proportional, D. Half diagram of non-polar data - area proportional. 
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IMPORT FROM ORIENT (Command: IMSTE) 
Stereographic projections produced with ORIENT (Holcombe, 1991) can be imported into the 
drawing with this routine (Figure 1.5). The program will only ask for a file name, the 
destination layer, the location and the size of the plot. At this stage only "Type 6" plots 
(contoured stereographic projections) can be imported from ORIENT. 
Command: IMSTE 
Enter file name to import: (enter name of file including extension, and optional path) 
Enter layer to plot on <current>: (enter name of layer) 
Enter centre and radius of projection: (pick position and size of projection on screen) 
The plot will be sent to the chosen layer, and the frame drawn in the default colour. However 
the contour colours are set within the program, and can only be changed manually after 
plotting is finished. For details on how the contours were calculated, refer to the ORIENT 
Users Manual. 
S1 
+ 
0 
Figure 1.5 Contoured stereographic projection imported from ORIENT. 
2.50% 
- 3 7. 
- 6 % 
- 12 % 
20.007. 
EDIT LINKED MAP/STEREO (Command: LKEDIT) 
Sometimes, when interpreting structural fabric maps and corresponding stereographic 
projections it is helpful to be able to link chosen symbols on both the map and the projection 
to highlight structural or lithological domains (Figure 1.6). To link data simply plot a map and 
its corresponding projection consecutively, but make sure the map is plotted first. This will 
link the symbols permanently in the drawing. The ASCII file used for the plotting is not 
needed any more. Also any deletion or movement of individual symbols in the drawing will 
not hinder the editing of linked subsets of data. 
To select linked sets of data chose the "Edit linked Map/Stereo" option and pick objects on 
either the map or the projection for which the companion objects are to be found. The usual 
AutoCAD selection modes such as "windows", "crossing", "last" and "previous" are available 
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by responding with "w", "c", "1" or "p" respectively. After chosing the objects press "Enter". 
The program will now take a little while to find and highlight the companion objects. 
Geolmap will then activate the AutoCAD "chprop" command on the whole selection-set, to let 
you change its color or layer. 
Command: LKEDIT 
Select objects: (select objects) 
Change what property (Color/LAyer/L Type/Thickness)? (etc. See AutoCAD Manual) 
Note: If you assign a new thickness for any symbols, the link between objects will be lost. 
Geolmap actually assigns unique thicknesses to all imported symbols in order to link them. 
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Figure 1.6 Linked map and stereographic projection. The light grey symbols are an example of a linked subset, 
in this case all northerly plunging data. 
INSERT SYMBOLS ... 
This menu option invokes a series of icon menus displaying the symbols available with 
Geolmap (Figure 1.7). To insert one of these symbols click the pointer in the small square 
next to the symbol. The program will then ask you to specify its location and scale. This 
corresponds exactly to the built-in AutoCAD "shape" command. The icons also show the 
name of the corresponding symbol. You can use these names directly in any part of Geolmap, 
where a symbol name is required. 
Starting point: {pick shape origin) 
Height <1.0>: (enter symbol size) 
Rotation angle <0.0>: (enter angle) 
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STRUCTURAL FABRIC SYMBOLS 
� 
BED _1),_ FOL ____..._ FOL2 JOINT 
-l- VBED + VFOL -+- VFOL2 --- VJOINT 
+ HBED + HFOL + HFOL2 + HJOINT 
TREND -6-- OTBED l___j CLE � LVERG 
1' LIN � LIN2 i LIN.3 t LIN4 
FOSSIL LOCALITIES 
0 FOS @) MAFOS 0 RAFOS 00 MIFOS 
a:::J WFOS 0 PFOS c:o VFOS 
DATING SITES 
0 RODAT § MIDAT §§ BlOAT t@J AMDAT 
GENERAL SYMBOLS 
0 CIR 6. TRI 0 SQR 0 DIAD 
• CIR2 ... TRI2 • SQR2 • DIAD2 
+ CRS X CRS2 * STAR PNT 
Figure 1.7 Symbols available in shape file Geolmap.shx. 
EDIT SCALE (Command: SCEDIT) 
This routine changes the scale of a selected set of objects while preserving their origin. Text 
will be scaled with respect to the origin of the following object. This will preserve the relative 
positions of plotted symbols and their corresponding labels. 
At the "Select objects:" prompt the usual AutoCAD selection modes such as "windows", 
"crossing", "last" and "previous" are available by responding with "w", "c", "1" or "p" 
respectively. After chosing the objects press <Enter>. The "scaling factor" then required is 
defmed with respect to the current size of the object. Each object is then scaled with respect 
to its insertion point, with the exception of text labels that are scaled with respect to the 
corresponding symbol (i.e. the object following in the database). However as there is no 
safeguard to distinguish plotted labels from ordinary text, so be careful when chosing objects. 
Command: SCEDIT 
Select objects: (select objects) 
Enter scaling factor: (enter scaling factor) 
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EDIT SYMBOLS (Command: SHEDIT) 
If you want to change already inserted symbols to different ones, SHEDIT is the function to 
use. It will ask you to pick a group of objects. The usual AutoCAD selection modes such as 
"windows", "crossing", "last" and "previous" are available by responding with "w","c","l" or 
"p" respectively. After chosing the objects press <Enter>, and the program will then ask for 
the symbol name to change. This makes it possible to use a subset (e.g. only circles) of the 
selected objects. The default is to change all selected objects. At the "Enter new symbol 
name <or ?>:" prompt, enter the name of the new symbol or, if you don't know the name, "?", 
and a series of icon menus will pop up, allowing you to pick the symbol from the screen. The 
program will then change the symbols retaining their original layer, size and colour. 
Command: SHEDIT 
Select objects: (select objects) 
Enter symbol name to change <All>: (enter symbol name, or for all) 
Enter new symbol name <or?>: (enter symbol name or "?") 
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White Mica Crystallinity and bo Cell Parameter Study 1/-3 
INTRODUCTION 
Low grade, pelitic metamorphic rocks are largely devoid of geothermobarometers based on 
reaction equilibria between selected minerals. However white mica can provide qualitative 
information on pressure, temperature, and the nature of the fluid phase present during 
metamorphism. Guidotti and Sassi (1976) and Frey (1987) provide a thorough review of the 
use of this mineral as a petrogenetic indicator mineral. Their main points relating to this study 
are summarised below. 
Muscovite is a particularly useful mineral as it is widespread in pelitic rocks from lower 
greenschist to amphibolite facies. Its structure is well known, it equilibrates easily (i.e. no 
compositional zoning), and shows only two major solid solution ranges which are relatable to 
temperature and pressure of formation. To understand the effects of pressure and temperature 
on the crystal chemistry of muscovite, it is first necessary to summarise its structure (see 
Figure ILl). Muscovite is essentially a dioctahedral sheet silica with the ideal formula of 
KAliA1Si3016)(0H)2. It consists of sheets of (Al.5Siu05) tetrahedra in a pseudohexagonal 
arrangement, sandwiching a dioctahedral sheet containing AP+ in the octahedral sites. These 
layers are bonded together by large interlayer K+ cations positioned in the pseudohexagonal 
holes of the tetragonal sheets. Those oxygens of the dioctahedral sheet that are opposite to the 
K+ sites have an H+ attached to them (Deer, Howie and Zussmann, 1966). 
0 
Number of ions 
per unit cell: 
0 2 {Na,K) 
6 {0) 
4 {Si,AJ) 
4 {0) 2 {OH) 
6 {AJ, Fe+Mg) 
4 {0) 2 {OH) 
4 {SI,AJ) 
6 {0) 
Figure 11.1 Muscovite crystal structure showing positions ofinterlayer and octahedral cations (from Deer, 
Howie and Zussman, 1966). 
Two solid solution series are dominant in muscovites. These can be described in terms of two 
cation substitutions (Guidotti and Sassi, 1976): 
1. Na+ replacing K+ as the interlayer cation for up to 35 mol% (muscovite-paragonite solid 
solution series). This substitution results in a decrease of the basal spacing of the unit cell. 
2. Fe2+ and Mg2+ replacing AP+ in the octahedral sites with simultaneous replacement of AP+ 
by Si4+ in the tetrahedral sites to balance the charges. This has the effect of increasing the 
b0 unit cell parameter of the mica. This substitution is regarded by Guidotti and Sassi 
(1976) as representing a solid solution series, with Fe- and Mg-rich muscovites often 
described as celadonite-rich muscovites. 
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As these chemical substitutions are directly related to the unit cell parameters, X-ray 
diffraction should be a suitable technique to estimate the paragonite and celadonite content of 
the mica. Attempts have been made to quantify the relationship between chemical 
composition and lattice parameters (reviewed in Guidotti and Sassi, 1976), but these were 
criticised by Naef and Stem (1982) who showed that no convincing statistical correlation 
exists between these two parameters. However, they concede that if large sets of data are 
analysed and treated as normally distributed values, the results can be used in a qualitative 
manner. 
Guidotti and Sassi (1976) describe the effects of pressure, temperature, aH20 and bulk rock 
composition on the muscovite. They treat the chemistry and thermodynamics of the 
controlling reactions in great detail, and discuss the use and (rather restricting) limitations of 
muscovite as a quantitative tool. As the X-ray diffractometry methods used here are at best 
only a qualitative composition indicator, any pressure and temperature estimates are also only 
qualitative. Therefore it is sufficient to consider the following important relationships from 
Guidotti and Sassi (1976): 
1. As temperature increases, the paragonite content increases and the basal spacing of the 
unit cell decreases. Unfortunately the usefulness of this relationship is limited by other 
strong influencing factors, such as celadonite content, presence of CaO and pressure. 
2. As temperature increases, the celadonite content decreases and b0 decreases. This effect is 
stronger at higher pressure conditions. 
3. As pressure increases, the celadonite content increases and b0 increases. 
4. Bulk rock composition is a strong influencing factor on celadonite content, and 
mineralogy has to be carefully considered when using b0 as an indicator to pressure. 
Thus if mineralogy and grade of metamorphism is considered carefully, X-ray analysis of b0 
lattice parameters in muscovite produces a useful qualitative geobarometer. However, basal 
spacings have been found to be sensitive to other factors as well as temperature (see above). 
Therefore different means have to be employed to estimate temperature conditions. One very 
successful method of doing this is to look at illite/white mica "crystallinity", which also 
involves measuring large numbers of samples by X-ray diffraction. 
It has long been recognised that illite and fine grained muscovite produce basal reflections 
that vary considerably in shape and width. Weaver (1960) proposed a "sharpness ratio" to 
quantify the variations he observed in a regional study on the use of clay minerals in 
prospecting for oil. He found that the 1 oA peak sharpness increased with increasing 
metamorphic and diagenetic grade. This sharpness of the peak has been attributed to the 
"crystallinity" of the mica. Originally the crystallinity was defined as a measurement of the 
proportion of crystalline material, and dependent on the size of the crystallites formed. 
However, Srodon and Eberl (1984) summarise work suggesting that the increase of peak 
sharpness with increasing metamorphic grade is due to the decreased amount of interlayered 
smectite in the illite lattice. Only at higher grades (above 360°C) will crystallite size control 
the peak shape. 
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There are several important factors affecting the crystallinity of white mica (summarised by 
Frey, 1987). These are: 
Temperature. Illite crystallinity will increase with increasing temperature of metamorphism. 
This is the most important physical factor, and is the one utilised in illite crystallinity surveys. 
Strain. It has been shown that crystallinity increases toward shear zones and around hinges of 
mesoscopic folds. Similar observations were made by Roberts et a/. (1991), who found that in 
a regional study on the Corris Slate Belt, Wales, illite crystallinity was markedly higher in 
strongly cleaved slaty sequences than in less deformed units structurally above and below. 
Lithology. Lithology is an important factor to consider in any illite crystallinity study. Coarse 
clastic sediments are likely to contain detrital illite, and their porosity and permeability allow 
fluids to access the illite, enhancing crystallinity development. Sediments enriched or 
deficient in potassium, such as evaporites or metacarbonates may have enhanced or retarded 
crystallinities respectively. Sediments rich in organic matter may show abnormally low 
values as the hydrophobic organic material inhibits the free flow of ionic solutions. In 
general, the effects of lithology on illite crystallinity diminish with increasing metamorphic 
grade, but have been detected even in upper anchizonal conditions. 
Illite chemistry. High potassium content in the mica produces higher crystallinity values. The 
effect of high AI or Mg however, has not yet been established. 
Interference from other minerals. Other minerals with a reflectance peak near 1 OA may 
broaden the illite peak. These minerals include pyrophyllite, paragonite, mixed-layer 
paragonite/muscovite, margarite and biotite. 
Experimental conditions. Instrument type and settings as well as sample preparation will 
affect the shape of the 1 oA peak. These factors will be discussed in the next section. 
CHOICE OF EXPERIMENTAL TECHNIQUES 
Both, illite crystallinity and b0 determinations, are qualitative indicators of low grade 
metamorphic conditions, and are dependent on sample preparation and measurement 
techniques. A short review of published techniques is necessary to justify the choice of the 
methods applied in this study. 
Illite crystallinity determination 
Various methods exist for defming a crystallinity index from the X-ray diffraction scans. 
Weaver (1960) was the first to introduce a "sharpness ratio" ("Weaver Index") for the basal 
reflection of white mica. He measured the ratio of peak height at lOA to peak height at 10.5A 
(see "H" and "h" respectively in Figure II.2). This method is not very accurate, due to 
difficulties when measuring narrow peaks, and shifts in peak position with compositional 
changes in the mica. Kubler (in Weber, 1972) suggested a new index ("Kubler Index") 
providing improvements in accuracy and speed of measurement over the Weaver Index. It is 
obtained by measuring the peak width at half height above background (see "Hb" in Figure 
II.2). Initially this peak width was quoted in millimetres, but Kisch (1980) proposed to 
measure it in degrees (A 028), which are independent of scan and chart speeds. He also 
supplied a set of standard instrument settings to minimise variations between different X-ray 
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H 
background 
l 
10A 1o.sA 
Figure 11.2 X-ray diffraction scan showing Weaver Index (Hih) and peak width at half height (Hb). (modified 
from Weber, 1972) 
diffractometers. This is the most commonly used crystallinity index for white micas in recent 
literature. 
Another index used less often is the "Weber Index" (Weber, 1972). Weber modified the 
Kubler Index by adding an external quartz standard. He measured the quartz (1 00) reflection 
five times before and after each sample run (i.e. 25 samples), and used the mean illite and 
quartz values to calculate: 
Hb (basal reflection) illite [ mm] Hb 1 = X 100 re Hb (IOO)quartz [mm] 
This reduces internal instrumental errors and measurements can be more easily compared 
from different machines. 
There are systematic relationships between the three measuring techniques. Blenkinsop 
(1988) compared Weaver, Weber and Kubler indices of samples from the Variscan orogen of 
northern Spain and Lower Palaeozoic rocks from North Wales. He found a linear relationship 
between the Weber and Kubler, and a logarithmic relationship between the Weaver and 
Kubler indices. This provides a method to compare values from other publications with this 
study. He also carried out an error analysis for the different methods and concluded that the 
percentage error increases with increasing crystallinity in both the Kubler and Weaver indices, 
but that the Kubler Index is marginally favoured at all grades. 
Two different sample types have been used for crystallinity measurements in the literature. 
They are polished rock slabs cut parallel to a slaty cleavage (e.g. Weber, 1972; Offler and 
Prendergast, 1985), and clay size fraction sedimentation samples (e.g. Merriman and Roberts, 
1985; Roberts et al., 1990). As rock slabs can only be used with rocks that have a well 
developed foliation, sedimentation samples are favoured in most studies. 
Several authors have compared results from different sample preparation techniques (e.g. 
Weber, 1972; Offler and Prendergast, 1985). For example, Weber (1972) studied the effects 
of grain size and preparation method on illite crystallinity determinations. He compared 
"thick" and "thin" sedimentation samples with size fractions of <2� and 2-6�, to polished 
blocks cut parallel to the foliation. This is essentially equivalent to looking at a wide range of 
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particle sizes, from very fine grained in the thick sedimentation samples to coarse grained in 
the cut blocks. He concluded that the measured degree of crystallinity is higher in finer 
grained crystallites, but that this effect decreases with increasing degree of crystallinity. At 
higher grades (Kubler Indices <0.36 °29) all size fractions produced similar results. 
Therefore, in this study the white mica crystallinity is determined by using the Kubler Index 
measured in 6 °29 on the <2!J.m particle size fractions of the disaggregated rock specimens. 
b0 determination 
Measurement of the muscovite bo values is outlined by Offler (1991, unpublished notes). This 
is based on determining the 29 angle of the (060) reflection. To adjust for any systematic 
errors, such as poor machine alignment or incorrect takeoff angles for the X-ray beam, the 
(211) reflection of quartz is used as an internal standard. Most samples contain enough quartz 
naturally, and only those that do not produce a sufficiently intense reflection during the first 
round of scans have quartz powder added and are scanned a second time. 
The calculation of bo is as follows (refer also to Figure Il.3): 
1. Measure the position of the quartz (211) reflection. 
2. To calculate the correction factor, subtract 70.923° from the measured angle (this is the 29 
angle corresponding to the quartz (211) spacing of 1.5418A (JCPDS, #33-1161, 1980) 
with Co-Ket.1 radiation). 
3. Measure the position of the mica (060) peak and add the correction factor. 
4. Now substitute this value into the Bragg equation to calculate the d-spacing. 
Bragg equation: nA.=2dsin9 n = number of planes (1) 
9 = diffractometer angle (29/2) 
Solving for d: d= � 2sin9 /...= wavelength of Co-Ka.1 radiation (1. 788965A) 
measured 
quartz (211 ) 
70.5 
correction factor 
71.0 
measured 
mica (060) 
JCPDS quartz (211) 
1.5418A 
70.923°29 
71.5 72.0 72.5 
diffractometer angle ("29) 
Figure 11.3 Sample scan over the mica (060) peak, showing measurement technique. 
73.0 73.5 
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To convert dc060) spacing to b0, multiply the result by 6. Quote the value to three decimal 
places. 
In contrast to crystallinity measurements, where the peak resolution is enhanced by aligning 
the basal plane of the crystallites parallel to the sample holder, the (060) peak is intensified by 
orienting the b-axes of the crystallites perpendicular to the surface of the sample holder. This 
furthermore reduces interference from the (331) reflection, which has the same spacing as 
(060), but is subparallel to the basal plane. There are several published methods for mounting 
samples to achieve this type of preferred orientation. One of the first methods, suggested by 
Sassi and Scolari (1974) is usable for rocks with a well developed slaty cleavage. Blocks are 
cut perpendicular to the foliation, polished and mounted in the diffractometer. If the sample 
does not contain enough quartz to be used as an internal standard, small grooves are cut and 
filled with clean, fine, granular quartz. Another sample preparation technique involves 
sedimentation of clay fraction suspension on aluminium foil and using transmitted X-rays on 
the vertically mounted sample (Rich, 1957). This technique was not tried here, as the 
available X-ray diffractometer is not suitable for this type of scan. 
Although good results were obtained for cut blocks from four representative samples, it was 
decided to use the clay size fraction powder from the crystallinity study. This ensures 
consistency with the crystallinity study and is suitable for all samples, including those without 
a strong fabric. The procedure used is similar to the one described by Robinson (1981 ). A 
normal aluminium sample mount was modified (see Figure II.4) to allow filling from the side. 
To use the holder, a glass slide is clamped to the top and the sample filled from the side and 
compacted with a spatula to rotate the crystallites perpendicular to the holder surface. 
aluminium mount 
packing 
direction 
Figure 11.4 Modified standard aluminium sample mount to allow filling of the sample powder from the side. 
A note should be made here of a paper by Rieder et al. (1992), which was published half way 
through the present study. The authors discuss the relative intensities of the interfering (060) 
and (331) peaks and conclude that:" ... , no conceivable preferred orientation, natural or 
artificial, can separate the (060) from (331) peaks, or change their relative intensities." 
Therefore "dc060>" should be rigorously labelled dc331,060) and "b0" should become 6dc33L060). 
However for simplicity, the terms (060), dc060) and b0 will be used throughout this thesis. The 
authors also point out that the relationship between the two reflections and the F e+Mg content 
in muscovites and therefore its usefulness as a qualitative geobarometer holds. Although the 
paper precludes the need for preferred orientation of the samples, the Robinson mount was 
used for the remaining samples to be consistent throughout the white mica study. 
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ANALYTICAL METHODS 
Sample Program 
The aim of this white mica study is to compare the metamorphic grades associated with the 
petite-dominated tectonostratigraphic units recognised in the NDB, and hence allow the 
correlation of several unresolved units with units of known structural level. The techniques 
discussed above are qualitative, and only useful if a statistically valid number of samples is 
measured for each unit. Other conditions include reasonably consistent chemical composition 
and mineral assemblages of the samples. The pelitic rocks of the NDB are very consistent in 
rock type and mineral composition, consisting mainly of slates and phyllites with the mineral 
assemblage muscovite-quartz-albite±chlorite. Sandy, quartz-rich, tuffaceous and mafic 
lithologies were not included in this study. 
The rocks analysed are representative samples from lower and upper plate units as well as 
Permian sedimentary units. The samples collected for this study are supplemented by samples 
from A.Fifoot (17 Cambroon Beds, 4 Booloumba Beds), T.A.Little (5 Anderson Creek 
Phyllite, 15 Kurwongbah Beds) and R.J.Holcombe (7 Kurwongbah Beds, 5 Neranleigh­
Femvale Beds, 1 Bunya Phyllite). 
The number of samples collected and successfully tested for each unit is listed in Table ILl. 
213 samples were initially prepared and scanned for white mica crystallinity. However, 28 
samples did not contain sufficient clay size white mica to produce a measurable peak or 
produced results suggesting that the clays present formed during recent weathering. The 186 
samples that produced good (002) peaks were scanned for b0 spacings, but of these only 160 
samples showed measurable (060) peaks. Possible reasons for this will be discussed below. 
Table 11.1 Number of samples analysed for illite crystallinity and b0 spacing per rock unit. 
Rock unit # of samples collected illite crystallinity b0 spacing 
Cambroon Beds 29 26 25 
Marumba Beds 27 16 8 
Amamoor Beds 28 27 23 
Booloumba Beds 21 21 20 
Jimna Phyllite 26 25 25 
Anderson Creek Phyllite 10 10 9 
Bunya Phyllite 24 24 18 
Neranleigh-Femvale Beds 26 24 22 
Kurwongbah Beds 22 12 10 
Total 213 185 160 
Sample Preparation 
About 30-40g of rock were crushed in a large, cast-iron mortar and pestle. Where the rock 
proved too hard, a jaw crusher produced chips of 5-l Omm diameter. The grain size was 
further reduced with a Tema mill to pass a 0.21 mm sieve. To prevent overgrinding and the 
resulting shear strain on the clay size fraction, the sample was sieved and the undersize 
removed between several short (3-lOsec) bursts of grinding. Some workers (e.g. Roberts et 
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al., 1990) recommend the use of a hammer mill in favour of the Tema mill to prevent 
overgrinding. However, this technique proved to be inefficient for this study, as loss of fines 
was significant, and the small sample size compared to the size of the mill made inter-sample 
contamination difficult to control. 
The powder, mixed with about 50ml of water and 4 drops of Calgon solution (dissolved at lg 
of calgon to 1 OOml of water), disaggregated in an ultrasonic bath for 10 min. The suspension 
was then moved to a large measuring cylinder, and water added to a column height of lOOmm. 
After mixing the sample thoroughly, it was left for 1 Omin to settle the > 13 J..lm fraction. 
Centrifuging the decantered supematent at 800rpm for 2.5min settled the >3J..Lm fraction (for 
settling times refer to Tanner and Jackson, 1947). For the first 15 samples, a representative 
subset of the total, the 3-13J..Lm fractions were retained and tiles prepared. For all other 
samples this fraction was discarded. Centrifuging the <3 J..lm suspension at 1 700rpm for 7min 
settled the remaining solids. These were pi petted off to be transferred onto ceramic tiles. 
Commercial white-backed wall tiles were cut into 35x35mm squares, and polished with 
650grid powder on a glass plate to create a flat porous substrate for the clay. These tiles were 
preheated to 1 00°C before pi petting the concentrated clay suspension onto their surface. Two 
tiles prepared per sample provided a check on repeatability of the res�lts. The so prepared 
tiles dried completely in about one day. Any samples that developed cracks during drying 
were re-suspended and applied to new tiles in a thinner suspension. 
For the b0 cell parameter measurements, the clay size fraction powder was scraped off the 
ceramic tiles and transferred to small sample tubes. The powder was then filled into a side 
loading sample holder (see description above) and packed down with a spatula, to rotate the 
crystallites perpendicular to the mount surface. The cover glass was removed before insertion 
into the diffractometer and the sample scanned in the conventional way. 
X-ray diffraction techniques 
Instrument settings and measurement procedures 
The X-ray diffractometer model used is a Phillips PW1840, operating with Co-Ka radiation at 
40kV and 25mA and an automatic divergence slit, at the Department of Earth Sciences, 
University of Queensland. The machine settings (see Table II.2) are based on a set of 
standard values suggested by Kisch (1980). However, these had to be adjusted to the closest 
possible setting for the available diffractometer, and in the case of the chart range increased to 
fit the scan onto the paper trace. 
The clay tiles were scanned twice each from 9-11.5°29, i.e. four times per sample. The peak 
was recorded on a paper trace. Peak width at half height was measured on the paper scan to 
the nearest O.OIL\029. The mean result of the 4 individual scans is used to represent the 
crystallinity index of the sample. 
Mineral identification scans from 2° to 35° 29 were completed on representative samples from 
each rock unit, and additionally on any samples with anomalous peaks in the 1 OA region. 
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Initially a set of 15 representative 3-l31J.m particle size fraction tiles were also prepared and 
scanned over this range to check for variation in mineral composition. This set of scans 
however differed little from the <31J.m fraction, and therefore was not continued on a routine 
basis. 
Table 11.2 Summary of X-ray diffractometer settings for mineral identification, illite crystallinity and b0 
determination scans. 
Mineral identification Illite crystallinity b0 spacings Kisch ( 1980) recommended 
settings for i.e. 
Radiation Co-Ka• 40kV, 25mA Co-Ka• 40kV, 25mA Co-Ka, 40kV, 25mA Cu-Ka, 40kV, 30mA 
Receiving slit 0.2mm 0.2mm 0.2mm 0.1mm 
Chart speed 10mm/029 50mm/029 SOmm/029 40mm/029 
Scan speed 0.05°/s 0.005°/s 0.005°/s 0.008°S 
Rate meter 10000c/s 5000c/s 5000c/s 1000c/s 
Time constant 0.5s 5s Ss Ss 
Starting angle 2°29 9°29 70.5°29 7.5°29 
Stop angle 35° 29 11.5°29 74°28 10"29 
Repeat scans none 2 scans each on 2 6 scans per sample added 
equivalent samples together 
For illite crystallinity measurements, two clay tiles per sample were scanned twice each from 
9-11.5°29. The peaks were recorded on a paper trace, and peak width at half height measured 
to the nearest 0.01L�029. The mean result of the four individual scans was calculated to 
represent the crystallinity index of the sample. 
The intensity of the (060) peak of muscovite is much lower than the (002) reflection. Even at 
its most sensitive setting the PW1840 did not record sufficiently high intensities to measure 
accurate peak positions. Therefore the samples were scanned 6 times at the slowest speed, 
and traces recorded digitally in ASCII files. The traces were then added within the AutoCAD 
graphic environment, using the XADD routine included on disk in the back pocket, resulting 
in a 2.45 (�)improvement over a single scan. 
Consistency of results 
Experimental errors are introduced into the system along the various stages of the study. The 
main sources of error are inhomogenous samples and machine fluctuations. The use of an 
internal quartz standard for b0 measurements takes care of any machine fluctuations and 
ensures a consistent series of results. However, during crystallinity measurements no such 
internal standard is used. Instead a representative sample tile (RS130A) was scanned and 
measured at regular intervals during the study. The results are listed in Table II.3. The mean 
Kubler Index is 0.21�029 with a standard error of2.4%. 
To check for sample homogeneity and error introduced during preparation of the clay size 
separates, five samples were divided into 2 to 3 splits after crushing. These splits were 
prepared and scanned separately spread over the duration of the study. The results are listed 
in Table II.4. Variations in the illite crytallinity measurements are between 0% and 8% 
(average 2.5%). This is only slightly larger than the machine fluctuations discussed above, 
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which it also includes. b0 measurements are less accurate with varations of 0.24% to 26% 
(average 11.2%, percentages are based on decimal fraction of result). 
Table 11.3 Table of repeated crystallinity measurements on sample RSI30A. 
Kubler Index (� 029) Peak Position (029) Peak Intensity (mm) 
Repeat measurements 0.21 10.38 48.0 
0.21 10.38 48.0 
0.21 10.37 47.5 
0.22 10.38 46.5 
0.21 10.38 48.1 
0.21 10.33 47.5 
0.22 10.38 48.0 
0.21 10.38 47.6 
Mean 0.21 10.37 47.65 
STD 0.005 (2.4%) O.Dl8 (0.17%) 0.568 (1.2%) 
Table 11.4 Comparison of illite crystallinity and b0 results for repeat samples. The samples were split after 
crushing, but before grinding. A 1, A2, B 1 and B2 refer to the illite crystallinity of repeated scans (1 and 2) of the 
two tiles (A and B) prepared for each sample. I.C. is the mean Kubler Index measured for each split, and STD its 
standard deviation. 
Sample No Split AI A2 81 82 I. C. STD bo mean sample result 
RS438 I 0.26 0.25 0.25 0.24 0.25 O.Dl 9.038 IC = 0.253±0.006 
2 0.26 0.26 0.24 0.24 0.25 0.01 9.037 b0 = 9.0400±0.0044 
3 0.25 0.26 0.26 0.27 0.26 0.01 9.045 
RS444 I 0.20 0.21 0.21 0.21 0.21 0.01 9.048 IC = 0.22±0.017 
2 0.21 0.21 0.22 0.21 0.21 0.01 9.040 b0 = 9.0413±0.0001 
3 0.24 0.25 0.24 0.22 0.24 0.01 9.036 
RS449 0.23 0.23 0.22 0.23 0.23 0.00 9.046 IC = 0.237±0.006 
2 0.24 0.24 0.24 0.24 0.24 0.00 9.052 b0 = 9.0487±0.0031 
3 0.24 0.24 0.23 0.24 0.24 0.01 9.048 
RS409 0.22 0.22 0.24 0.22 0.23 0.01 9.021 IC = 0.230±0.000 
2 0.21 0.22 0.24 0.24 0.23 0.02 9.025 b0 = 9.0233±0.0029 
3 0.22 0.25 0.22 0.22 0.23 0.02 9.024 
RS408 0.24 0.24 0.26 0.25 0.25 0.01 9.047 IC = 0.250±0.000 
2 0.24 0.24 0.26 0.24 0.25 0.01 9.032 b0 = 9.0395±0.0106 
Comparison with other laboratories 
Robin Offler from the University of Newcastle kindly offered to run several samples for b0 
spacings at their standardised laboratory for comparison with results from the diffractometer 
used during this study. Table 11.5 shows that the measured b0 spacings are within 0.006A over 
a wide range of values. This is a reasonable agreement compared to variations between 
samples, and indicates that the values can be related to published data. 
Table 11.5 Comparison of b0 values obtained from the University of Queensland with values of the same samples 
analysed at the University of Newcastle. 
Sample No University of Queensland (A) University of Newcastle (A) difference (A) 
RSI07 9.060 9.066 0.006 
RSI26 9.037 9.043 0.006 
RS423 9.045 9.041 -0.004 
RS461 9.010 9.013 0.003 
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RESULTS 
The Kubler Indices and b. spacings measured for this study are listed in Table 11.6. The 
results are discussed and evaluated in Chapter 4. 
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Table 11.6 List of Kubler Index and b. spacings determined for 183 pelitic schist samples from the NDB. 
Sam No 
RS67 
RS69 
RS71 
RS75 
RS77 
RS78 
RS102 
RS103 
RSI04 
RS105 
RS107 
RS108 
RS109 
RSI12 
RSI14 
RS115 
RS136 
RS310 
RS420 
RS421 
RS422 
RS423 
RS424 
RS437 
RS438 
RS439 
RS95 
RS125 
RS126 
RS127 
RS128 
RS129 
RS130 
RS144 
RS163 
RS265 
RS440 
RS441 
RS442 
RS443 
RS444 
RS445 
RS446 
AFIOI 
AFI66 
AF203 
Unit 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Pzbb 
Illite Crystallinity Index 
TileB Tile A 
Run I Run 2 Run! 
0.26 
0.28 
0.24 
0.20 
0.27 
0.21 
0.23 
0.30 
0.23 
0.24 
0.22 
0.26 
0.36 
0.46 
0.22 
0.25 
0.31 
0.29 
0.20 
0.24 
0.24 
0.32 
0.26 
0.26 
0.26 
0.28 
0.25 
0.21 
0.25 
0.21 
0.24 
0.28 
0.24 
0.24 
0.22 
0.26 
0.35 
0.43 
0.26 
0.24 
0.31 
0.29 
0.21 
0.25 
0.25 
0.32 
0.26 
0.26 
repeat sample 
0.24 
0.29 
0.26 
0.24 
0.22 
0.21 
0.25 
0.31 
0.24 
0.24 
0.23 
0.28 
0.35 
0.45 
0.23 
0.22 
0.31 
0.31 
0.22 
0.25 
0.24 
0.28 
0.26 
0.25 
0.18 0.20 0.20 
0.17 
0.24 
0.24 
0.21 
0.21 
0.29 
0.18 
0.26 
0.25 
0.21 
0.23 
0.29 
0.17 
0.21 
0.24 
0.26 
0.23 
0.29 
instrument check sample 
0.23 0.25 0.23 
0.24 
0.29 
0.27 
0.22 
0.22 
0.22 
0.24 
0.29 
0.26 
0.22 
0.22 
0.22 
repeat sample 
0.24 0.24 
0.20 0.20 
0.20 0.22 
0.24 0.22 
0.22 0.22 
0.24 
0.29 
0.27 
0.22 
0.23 
0.20 
0.19 
0.22 
0.22 
0.23 
Run2 
0.26 
0.28 
0.26 
0.24 
0.21 
0.21 
0.24 
0.29 
0.23 
0.24 
0.22 
0.26 
0.32 
0.45 
0.22 
0.23 
0.31 
0.29 
0.21 
0.25 
0.26 
0.28 
0.28 
0.25 
0.18 
0.16 
0.21 
0.26 
0.24 
0.23 
0.30 
0.23 
0.23 
0.29 
0.27 
0.22 
0.23 
0.22 
0.21 
0.22 
0.22 
0.22 
Mean 
0.26 
0.28 
0.25 
0.22 
0.24 
0.21 
0.24 
0.30 
0.24 
0.24 
0.22 
0.27 
0.35 
0.45 
0.23 
0.24 
0.31 
0.30 
0.21 
0.25 
0.25 
0.30 
0.27 
0.26 
0.25 
0.19 
0.17 
0.23 
0.25 
0.23 
0.23 
0.29 
0.21 
0.24 
0.24 
0.29 
0.27 
0.22 
0.23 
0.22 
0.22 
0.23 
0.20 
0.22 
0.23 
0.22 
STD 
0.01 
0.00 
0.01 
0.02 
0.03 
0.00 
0.01 
0.01 
0.01 
0.00 
0.00 
0.01 
0.02 
0.01 
0.02 
0.01 
0.00 
0.01 
0.01 
0.00 
0.01 
0.02 
0.01 
0.01 
O.Ql 
0.01 
0.02 
0.01 
0.02 
0.01 
0.00 
0.01 
0.01 
0.00 
0.01 
0.00 
0.01 
0.00 
0.02 
0.01 
0.01 
0.01 
0.00 
b0 spacing 
d(060) cor 
72.781 -0.065 
72.769 -0.081 
72.706 -0.081 
72.773 -0.094 
72.764 -0.048 
peak too low 
72.693 -0.073 
72.773 -0.081 
72.806 -0.056 
72.735 -0.069 
72.676 -0.081 
72.790 -0.048 
73.020 -0.014 
72.924 -0.094 
72.731 -0.136 
72.777 -0.094 
72.781 -0.094 
72.919 -0.069 
72.779 -0.076 
72.793 -0.041 
72.755 -0.092 
72.804 -0.072 
72.775 -0.060 
72.797 -0.029 
72.808 -0.060 
72.785 -0.069 
72.827 -0.065 
72.845 -0.037 
72.785 -0.069 
72.844 -0.081 
72.781 -0.081 
72.790 -0.056 
peak too low 
72.875 -0.064 
72.789 
72.792 
72.720 
72.689 
72.807 
72.954 
72.763 
72.745 
72.838 
-0.065 
-0.032 
-0.060 
-0.076 
-0.070 
-0.035 
-0.052 
-0.010 
-0.031 
9.060 
9.063 
9.069 
9.064 
9.060 
9.070 
9.062 
9.056 
9.065 
9.073 
9.057 
9.029 
9.047 
9.073 
9.063 
9.063 
9.045 
9.061 
9.056 
9.065 
9.058 
9.060 
9.054 
9.040 
9.056 
9.060 
9.055 
9.050 
9.060 
9.055 
9.061 
9.043 
9.058 
9.049 
9.059 
9.062 
9.066 
9.071 
9.041 
9.057 
9.038 
9.060 
9.058 
9.050 
II-14 Appendix II 
Table 11.6( cont.) List of Kubler Index and b. spacings determined for 183 pelitic schist samples from the NOB. 
Sam No 
AF248 
RS156 
RS186 
RS187 
RS212 
RS218 
RS224 
RS225 
RS228 
RS230 
RS262 
RS270 
RS272 
RS279 
RS280 
RS282 
RS324 
RS328 
RS330 
RS395 
RS396 
RS402 
RS448 
RS449 
RS450 
RS451 
RS452 
RS453 
RS88 
RS89 
RS93 
RS94 
RS152 
RS168 
RS170 
RS172 
RS176 
RS263 
AF49-1 
AF49-2 
AF50 
AF53 
AF58-1 
AF61 
Af66 
AF74 
AF78 
AF80 
Af83 
AF85 
AF123 
Unit 
Pzbb 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pzab 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Pcb 
Illite Crystallinity Index 
Tile A Tile B 
Run I Run 2 Run1 
0.28 
0.22 
0.40 
0.32 
0.26 
0.37 
0.28 
0.26 
0.20 
0.29 
0.34 
0.29 
0.32 
0.31 
0.28 
0.26 
0.24 
0.24 
0.25 
0.31 
0.37 
0.28 
0.28 
0.27 
0.21 
0.42 
0.32 
0.27 
0.39 
0.28 
0.26 
0.21 
0.32 
0.32 
0.30 
0.32 
0.28 
0.28 
0.27 
0.24 
0.25 
0.25 
0.30 
0.41 
0.27 
0.27 
repeat sample 
0.25 0.25 
0.30 0.31 
0.26 0.29 
0.29 
0.32 
0.26 
0.32 
0.25 
0.30 
0.30 
0.23 
0.31 
0.41 
0.29 
0.38 
0.32 
0.23 
0.24 
0.26 
0.31 
0.26 
0.32 
0.28 
0.30 
0.37 
0.28 
0.24 
0.29 
0.32 
0.27 
0.32 
0.25 
0.29 
0.31 
0.23 
0.31 
0.42 
0.28 
0.42 
0.32 
0.22 
0.25 
0.27 
0.30 
0.26 
0.32 
0.28 
0.31 
0.37 
0.28 
0.23 
0.22 
0.22 
0.40 
0.31 
0.29 
0.36 
0.28 
0.26 
0.17 
0.28 
0.32 
0.28 
0.38 
0.27 
0.30 
0.29 
0.28 
0.25 
0.30 
0.39 
0.28 
0.27 
0.22 
0.31 
0.26 
0.28 
0.27 
0.30 
0.28 
0.30 
0.32 
0.26 
0.27 
0.43 
0.31 
0.39 
0.32 
0.25 
0.26 
0.28 
0.28 
0.28 
0.29 
0.38 
0.30 
0.34 
0.28 
0.24 
Run2 
0.24 
0.22 
0.43 
0.33 
0.26 
0.38 
0.27 
0.26 
0.18 
0.24 
0.33 
0.28 
0.38 
0.29 
0.31 
0.29 
0.30 
0.25 
0.31 
0.39 
0.27 
0.28 
0.24 
0.32 
0.25 
0.28 
0.28 
0.28 
0.28 
0.32 
0.30 
0.24 
0.28 
0.43 
0.32 
0.41 
0.32 
0.26 
0.25 
0.26 
0.31 
0.27 
0.33 
0.39 
0.30 
0.34 
0.30 
0.23 
Mean 
0.25 
0.22 
0.41 
0.32 
0.27 
0.38 
0.28 
0.26 
0.19 
0.28 
0.33 
0.29 
0.35 
0.30 
0.28 
0.29 
0.27 
0.27 
0.25 
0.31 
0.39 
0.28 
0.28 
0.24 
0.24 
0.31 
0.27 
0.29 
0.32 
0.27 
0.31 
0.27 
0.30 
0.31 
0.24 
0.29 
0.42 
0.30 
0.40 
0.32 
0.24 
0.25 
0.27 
0.30 
0.27 
0.32 
0.33 
0.30 
0.36 
0.29 
0.24 
STD 
0.03 
0.00 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.02 
0.03 
O.Ql 
0.01 
0.03 
0.02 
0.01 
0.02 
0.03 
0.03 
0.00 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.02 
0.01 
0.00 
0.01 
0.02 
0.02 
0.01 
0.01 
0.01 
0.02 
0.01 
0.02 
0.02 
0.00 
0.02 
0.01 
0.01 
0.01 
0.01 
0.02 
0.06 
0.00 
0.02 
0.01 
0.01 
b0 spacing 
d(060) cor 
72.803 
72.739 
72.831 
72.760 
72.777 
72.940 
-0.041 
-0.090 
-0.086 
-0.111 
-0.086 
-0.065 
72.794 -0.094 
peak too low 
peak too low 
peak too low 
72.940 -0.061 
72.852 -0.069 
72.802 -0.056 
72.693 -0.107 
72.819 -0.056 
72.806 -0.061 
72.781 -0.065 
72.764 -0.081 
peak too low 
72.833 -0.028 
72.740 -0.095 
9.055 
9.067 
9.056 
9.067 
9.062 
9.043 
9.061 
9.042 
9.052 
9.056 
9.074 
9.055 
9.056 
9.060 
9.063 
9.050 
9.067 
72.855 -0.044 9.049 
72.829 -0.009 9.048 
72.850 -0.037 
72.836 -0.027 
72.828 -0.057 
72.859 
72.815 
73.095 
72.961 
73.024 
72.886 
73.108 
72.731 
72.831 
73.392 
72.861 
73.058 
73.081 
73.177 
72.784 
73.066 
72.872 
73.073 
73.009 
72.829 
73.004 
72.923 
73.061 
73.023 
-0.037 
-0.107 
-0.081 
-0.073 
-0.065 
-0.069 
-0.077 
-0.056 
-0.069 
0.019 
-0.077 
-0.057 
-0.028 
-0.046 
-0.042 
-0.022 
-0.038 
-0.009 
-0.033 
-0.011 
-0.048 
-0.090 
-0.054 
-0.044 
9.049 
9.049 
9.050 
9.054 
9.048 
9.060 
9.028 
9.041 
9.034 
9.049 
9.026 
9.064 
9.055 
8.986 
9.052 
9.029 
9.024 
9.015 
9.057 
9.025 
9.047 
9.022 
9.032 
9.059 
9.034 
9.047 
9.029 
9.031 
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Table 11.6(cont.) List ofKubler Index and bo spacings determined for 183 pelitic schist samples from the NDB. 
Sam No 
AF172 
AF192 
AF206 
RS97 
RSllO 
RS116 
RS117 
RS229 
RS268 
RS269 
RS289 
RS309 
RS315 
RS425 
RS426 
RS427 
RS429 
RS433 
RS436 
RS180 
RS223 
RS302 
RS326 
RS399 
TL406 
TL408 
TL409 
TL411 
TL552 
RS377 
RS378 
RS379 
RS380 
RS381 
RS382 
RS383 
RS384 
RS385 
RS386 
RS387 
RS388 
RS406 
RS407 
RS409 
RS411 
RS412 
RS413 
RS415 
RS416 
RS417 
RS418 
Unit 
Pcb 
Pcb 
Pcb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pzap 
Pzap 
Pzap 
Pzap 
Pzap 
Pzap 
Pzap 
Pzap 
Pzap 
Pzap 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
Pzbp 
TileB Tile A 
Run 1 Run 2 Run1 
0.22 
0.31 
0.23 
0.32 
0.44 
0.23 
0.31 
0.30 
0.41 
0.23 
0.28 
0.32 
0.27 
0.30 
0.51 
0.30 
0.30 
0.31 
0.31 
0.24 
0.23 
0.23 
0.22 
0.32 
0.28 
0.26 
0.27 
0.26 
0.19 
0.22 
0.21 
0.22 
0.22 
0.23 
0.30 
0.24 
0.22 
0.26 
0.37 
0.23 
0.24 
0.23 
0.28 
0.23 
0.31 
0.46 
0.24 
0.31 
0.33 
0.37 
0.23 
0.31 
0.31 
0.22 
0.30 
0.50 
0.29 
0.29 
0.31 
0.30 
0.23 
0.26 
0.22 
0.21 
0.33 
0.26 
0.25 
0.27 
0.28 
0.21 
0.23 
0.22 
0.22 
0.22 
0.24 
0.29 
0.24 
0.23 
0.26 
0.36 
0.23 
0.25 
0.24 0.24 
0.24 0.24 
repeat sample 
0.24 0.24 
0.32 0.32 
0.32 0.32 
0.26 0.26 
0.22 0.24 
0.25 0.26 
0.27 0.26 
0.21 
0.26 
0.22 
0.32 
0.43 
0.21 
0.35 
0.37 
0.37 
0.21 
0.25 
0.27 
0.23 
0.30 
0.52 
0.32 
0.30 
0.36 
0.32 
0.23 
0.24 
0.25 
0.26 
0.27 
0.24 
0.24 
0.29 
0.21 
0.29 
0.20 
0.22 
0.23 
0.26 
0.33 
0.26 
0.23 
0.26 
0.36 
0.23 
0.26 
0.24 
0.24 
0.22 
0.31 
0.34 
0.26 
0.24 
0.25 
0.26 
Run2 
0.21 
0.26 
0.22 
0.31 
0.44 
0.24 
0.35 
0.34 
0.36 
0.22 
0.26 
0.29 
0.24 
0.30 
0.51 
0.30 
0.30 
0.30 
0.32 
0.21 
0.23 
0.25 
0.25 
0.29 
0.26 
0.23 
0.29 
0.21 
0.28 
0.22 
0.22 
0.24 
0.26 
0.30 
0.26 
0.25 
0.27 
0.35 
0.22 
0.26 
0.24 
0.24 
0.26 
0.32 
0.33 
0.26 
0.24 
0.24 
0.27 
Mean 
0.22 
0.28 
0.23 
0.32 
0.44 
0.23 
0.33 
0.34 
0.38 
0.22 
0.28 
0.30 
0.24 
0.30 
0.51 
0.30 
0.30 
0.32 
0.31 
0.23 
0.24 
0.23 
0.23 
0.29 
0.28 
0.25 
0.25 
0.28 
0.21 
0.26 
0.21 
0.22 
0.23 
0.25 
0.31 
0.25 
0.23 
0.26 
0.36 
0.23 
0.25 
0.24 
0.24 
0.23 
0.24 
0.32 
0.33 
0.26 
0.24 
0.25 
0.27 
STD 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.02 
0.03 
0.02 
0.01 
0.03 
0.02 
0.02 
0.00 
0.01 
O.Ql 
0.00 
0.03 
0.01 
0.01 
0.01 
0.01 
0.02 
0.04 
0.01 
0.01 
0.02 
0.01 
0.01 
0.04 
0.01 
0.00 
0.01 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.00 
0.00 
0.02 
0.00 
0.01 
0.00 
0.01 
O.Dl 
0.01 
b0 spacing 
d(06o) cor 
72.768 -0.036 
73.142 -0.036 
73.129 -0.035 
72.930 -0.053 
peak too low 
72.748 -0.102 
72.718 -0.107 
peak too low 
peak too low 
peak too low 
peak too low 
72.967 -0.015 
72.819 -0.049 
73.138 -0.052 
peak too low 
73.055 -0.014 
peak too low 
72.844 -0.045 
peak too low 
72.752 -0.086 
72.806 -0.086 
72.697 0.115 
72.785 -0.065 
72.830 -0.037 
72.902 0.035 
72.851 0.008 
72.881 0.015 
72.779 O.D35 
not enough sample 
72.861 -0.081 
peak too low 
72.810 -0.069 
72.928 -0.035 
72.865 -0.069 
72.878 -0.066 
72.915 -0.048 
peak too low 
72.890 -0.048 
peak too low 
72.798 -0.154 
9.058 
9.018 
9.019 
9.042 
9.067 
9.071 
9.034 
9.054 
9.020 
9.025 
9.051 
9.065 
9.059 
9.074 
9.059 
9.051' 
9.036 
9.044 
9.040 
9.049 
9.053 
9.057 
9.041 
9.051 
9.049 
9.043 
9.046 
9.067 
72.902 -0.094 9.050 
72.954 
72.991 
73.227 
73.296 
72.940 
72.957 
72.979 
72.844 
-0.058 
-0.068 
-0.054 
-0.041 
-0.033 
-0.048 
-0.060 
-0.045 
9.040 
9.037 
9.023 
9.011 
9.002 
9.039 
9.039 
9.038 
9.051 
72.851 -0.025 9.048 
11-16 Appendix II 
Table 11.6(cont.) List of Kubler Index and bo spacings determined for 183 pelitic schist samples from the NDB. 
Sam No 
RS419 
RH74-2 
RS389 
RS390 
RS392 
RS393 
RS394 
RS405 
RS408 
RS414 
RS455 
RS457 
RS458 
RS459 
RS460 
RS461 
RS462 
RS463 
RS464 
RS465 
RS466 
RH74·1 
RH76-12 
RH76-16 
REI 
RE4 
RJH537 
RJH561 
RJH585 
RJH627 
RJH666 
RH74-3 
TL71 
TL73 
TL75 
TL79 
TL80 
TL662 
TL672 
Unit 
Pzbp 
Pzbp 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pznf 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Pzpk 
Illite Crystallinity Index 
TileB Tile A 
Run 1 Run 2 Runl 
0.23 0.26 
0.22 0.22 
0.26 0.25 
0.30 0.31 
0.27 0.28 
0.27 0.26 
0.23 0.22 
0.23 0.24 
repeat sample 
0.24 0.24 
0.24 0.24 
0.25 0.24 
0.27 
0.24 
0.32 
0.27 
0.26 
0.25 
0.29 
0.28 
0.22 
0.31 
0.25 
0.24 
0.24 
0.21 
0.22 
0.22 
0.17 
0.23 
0.24 
0.28 
0.22 
0.25 
0.22 
0.27 
0.26 
0.32 
0.27 
0.26 
0.25 
0.29 
0.28 
0.21 
0.35 
0.27 
0.24 
0.24 
0.23 
0.23 
0.20 
0.19 
0.23 
0.23 
0.27 
0.22 
0.22 
0.24 
peak too low 
0.26 0.26 
0.21 0.21 
0.24 0.22 
0.24 
0.22 
0.26 
0.31 
0.29 
0.25 
0.23 
0.22 
0.24 
0.26 
0.26 
0.27 
0.24 
0.36 
0.27 
0.27 
0.27 
0.26 
0.28 
0.20 
0.31 
0.26 
0.25 
0.25 
0.22 
0.22 
0.20 
0.24 
0.24 
0.28 
0.21 
0.24 
0.22 
0.26 
0.22 
0.22 
Run2 
0.26 
0.23 
0.26 
0.37 
0.28 
0.26 
0.22 
0.22 
0.22 
0.27 
0.26 
0.27 
0.25 
0.35 
0.29 
0.29 
0.26 
0.26 
0.28 
0.21 
0.29 
0.26 
0.22 
0.24 
0.21 
0.23 
0.19 
0.24 
0.23 
0.27 
0.20 
0.23 
0.24 
0.28 
0.22 
0.22 
Mean 
0.25 
0.22 
0.26 
0.32 
0.28 
0.26 
0.23 
0.23 
0.25 
0.24 
0.25 
0.25 
0.27 
0.25 
0.34 
0.28 
0.27 
0.26 
0.28 
0.28 
0.21 
0.32 
0.26 
0.24 
0.24 
0.22 
0.23 
0.21 
0.19 
0.24 
0.24 
0.28 
0.21 
0.24 
0.23 
0.27 
0.22 
0.23 
STD 
0.02 
0.00 
0.00 
0.03 
0.01 
0.01 
0.01 
0.01 
O.DI 
0.02 
0.01 
0.00 
0.01 
0.02 
0.01 
0.01 
0.01 
0.02 
0.00 
0.01 
0.03 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
b0 spacing 
d(060) cor 
72.994 -0.011 
peak too low 
72.894 -0.081 
72.973 -0.059 
72.815 -0.073 
72.999 -0.010 
72.848 -0.090 
72.825 -0.056 
72.877 -0.029 
72.798 -0.036 
72.807 -0.071 
73.063 -0.010 
73.859 -0.043 
72.901 0.037 
73.117 -0.052 
73.123 -0.039 
peak too low 
72.837 -0.011 
72.825 -0.054 
72.823 -0.077 
72.986 -0.077 
72.769 -0.086 
9.031 
9.049 
9.038 
9.057 
9.040 
9.055 
9.054 
9.035 
9.045 
9.055 
9.057 
9.024 
8.943 
9.036 
9.022 
9.020 
9.048 
9.054 
9.056 
9.039 
9.063 
72.810 -0.086 9.059 
72.831 -0.073 9.055 
72.798 -0.102 9.062 
72.760 -0.107 9.066 
peak too low 
peak too low 
73.041 -0.073 
72.827 -0.056 
72.810 -0.052 
72.802 0.01? 
72.774 -0.003 
72.845 0.028 
9.033 
9.054 
9.055 
9.049 
9.054 
9.043 
72.793 0.001 9.051 
72.792 0.010 9.050 
interfering peaks 
72.836 0.011 9.046 
APPENDIX III 
DATA SHEETS FOR RADIOMETRIC 
DATING 
Note: Only rocks and mineral phases that are completely unaltered in handspecimen and 
thin-section were chosen for radiomatric dating. 

Data Sheets for Radiometric Dating 
ISOTOPE GEOCHEMISTRY LABORATORIES 
Department of Geology & Mineralogy 
University of Queensland 
Sample identification: RS339 QA531 
Sample Submitted by: .... 
Date analysed & analyst:. 
Renate Sliwa 
31/01/92 
Rock type: ............. . 
Mineral analysed of w.r.: 
GALLANGOWAN GRANODIORITE 
BIOTITE 
Approximate age in m.y.:. 250 
1:250.000 map sheet: ... . GYMPIE 
AMG grid reference: .... . 4458.58 70654.43 
Wt% K20 in sample: .............. . 
Sample weight in grams: ......... . 
Spike 40Ar/38Ar: ................ . 
Spike 36Ar/38/Ar: ............... . 
Sample 40Ar#/38Ar#: ............. . 
Sample 38Ar#/36Ar#: ............. . 
Orifice 40Ar/38Ar correction %: .. 
Orifice 38Ar/36Ar correction %: . . 
Mass discrimination 40Ar/38Ar %: . 
Mass discrimination 38Ar/36Ar %: . 
Spike volume in cc or ml: ....... . 
40K in sample in ppm: ........... . 
Total correction 40Ar/38Ar %: 
Total correction 38Ar/36Ar %: ... . 
Corrected 40Ar#/38Ar#: .......... . 
40Ar*/38Ar* final: 
38Ar*/40Ar* final: 
40Ar* ppm: ...................... . 
40Ar*/40K: ...................... . 
Age in million years: ........... . 
40Ar total in cc or ml: ......... . 
40Ar* in cc/gm: ................. . 
% 40Ar* ........ . ...... · · · · · · · · · · · 
6.74 
.0398 
.004666 
2. 097e·-5 
3.8029 
1003.3 
1. 86 
1. 95 
-.83 
-.83 
8.219e-7 
6.5296 
1.03 
1.12 
3.84207 
3.55293 
.218458 
.130937 
2.00529e-2 
315.819±4 
3.1578e-6 
7.33706e-5 
92.4743 
CONVERSION CONSTANT K20 TO 40k = 0.9687827; Lb = 4.962 E-10; 
Le+L'e = 0.581 E-10; compTB2.1 vers1.10- S.K.Dobos- 20/8/91 
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ISOTOPE GEOCHEMISTRY LABORATORIES 
Department of Geology & Mineralogy 
University of Queensland 
Sample identification: . . RS374 QA535 
Sample Submitted by: .... 
Date analysed & analyst:. 
Renate Sliwa 
19/02/92 
Rock type: ............. . 
Mineral analysed of w.r.: 
YABBA CREEK GRANODIORITE 
AMPHIBOLE 
Approximate age in m.y.:. 250 
1:250,000 map sheet: ... . GYMPIE 
AMG grid reference: .... . 4489.28 70622.31 
Wt% K20 in sample: .............. . 
Sample weight in grams: ......... . 
Spike 40Ar/38Ar: ................ . 
Spike 36Ar/38/Ar: ............... . 
Sample 40Ar#/38Ar#: ............. . 
Sample 38Ar#/36Ar#: ............. . 
Orifice 40Ar/38Ar correction %: .. 
Orifice 38Ar/36Ar correction %: .. 
Mass discrimination 40Ar/38Ar %: . 
Mass discrimination 38Ar/36Ar %: . 
Spike volume in cc or ml: ....... . 
40K in sample in ppm: ........... . 
Total correction 40Ar/38Ar %: 
Total correction 38Ar/36Ar %: 
Corrected 40Ar#/38Ar#: 
Corrected 38Ar#/36Ar#: 
40Ar*/38Ar* final: 
38Ar*/40Ar* final: .............. . 
40Ar* ppm: ...................... . 
40Ar* I 40K: ...................... . 
Age in million years: ........... . 
40Ar total in cc or ml: ......... . 
40Ar* in cc/gm: ................. . 
% 40Ar* ......................... . 
CONVERSION CONSTANT 1<20 TO 40k = 0.9687827; Lb = 4.962 E-10; 
Le+L'e = 0.581 E-1 0; compTB2.1 vers1.10- S.K.Dobos- 20/8/91 
.73 
.4032 
.004666 
2.097e-5 
4.2623 
732.667 
1.99 
2.08 
-.83 
-.83 
8.219e-7 
.707211 
1.16 
1.25 
4.31174 
741.825 
3.91584 
.255373 
1.42451e-2 
2.01426e-2 
317.114±4 
3.54382e-6 
7.98221e-6 
90.818 
Data Sheets for Radiometric Dating 
ISOTOPE GEOCHEMISTRY LABORATORIES 
Department of Geology & Mineralogy 
University of Queensland 
Sample identification: . . RS345 QA532 
Sample Submitted by: .... 
Date analysed & analyst:. 
Renate Sliwa 
06/02/92 
Il/-3 
Rock type: ............. . 
Mineral analysed of w.r.: 
MARUMBA BEDS - GRANODIORITE BOULDER 
AMPHIBOLE 
Approximate age in m.y. :. 280 
1:250,000 map sheet: ... . GYMPIE 
AMG grid reference: .... . 4437.22 70560.97 
Wt% K20 in sample: .............. . 
Sample weight in grams: ......... . 
Spike 40Ar/38Ar: ................ . 
Spike 36Ar/38/Ar: ............... . 
Sample 40Ar#/38Ar#: ............. . 
Sample 38Ar#/36Ar#: ............. . 
Orifice 40Ar/38Ar correction %: .. 
Orifice 38Ar/36Ar correction %: .. 
Mass discrimination 40Ar/38Ar %: . 
Mass discrimination 38Ar/36Ar %: . 
Spike volume in cc or ml: ....... . 
40K in sample in ppm: ........... . 
Total correction 40Ar/38Ar %: 
Total correction 38Ar/36Ar %: .... 
Corrected 40Ar#/38Ar#: 
Corrected 38Ar#/36Ar#: 
40Ar*/38Ar* final: 
38Ar*/40Ar* final: 
40Ar* ppm: ...................... . 
40Ar*/40K: ...................... . 
Age in million years: . . . . . . . . . . . •  
40Ar total in cc or ml: ......... . 
40Ar* in cc/gm: ................. . 
% 40Ar* .... . .......... · · · · · · · · · · · 
.445 
.3024 
.004666 
2.097e-5 
2.1426 
829.45 
1.13 
1.14 
-.83 
-.83 
8.219e-7 
.431108 
. 3 
.31 
2.14903 
832.021 
1.79574 
.556874 
8.71006e-3 
2.02039e-2 
317.999±4 
1.76629e-6 
4.88068e-6 
83.5605 
CONVERSION CONSTANT K20 TO 40k = 0.9687827; lb:; 4.962 E-10; 
le+l'e = 0.581 E-10; compTB2.1 vers1.10- S.K.Dobos- 20/8/91 
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ISOTOPE GEOCHEMISTRY LABORATORIES 
Department of Geology & Mineralogy 
University of Queensland 
Sample identification: .. RS316 QA552 
Sample Submitted by: .... 
Date analysed & analyst:. 
Renate Sliwa 
18/03/93 
Rock type: ............. . 
Mineral analysed of w.r.: 
MARUMBA BEDS - ANDESITE BOULDER 
WHOLE ROCK 
Approximate age in m.y.:. 250 
1:250,000 map sheet: ... . GYMPIE 
AMG grid reference: .... . 4433.77 70531.12 
Wt% K20 in sample: .............. . 
Sample weight in grams: ......... . 
Spike 40Ar/38Ar: ................ . 
Spike 36Ar/38/Ar: ............... . 
Sample 40Ar#/38Ar#: ............. . 
Sample 38Ar#/36Ar#: ............. . 
Orifice 40Ar/38Ar correction %: .. 
Orifice 38Ar/36Ar correction %: .. 
Mass discrimination 40Ar/38Ar %: . 
Mass discrimination 38Ar/36Ar %: . 
Spike volume in cc or ml: ....... . 
40K in sample in ppm: ........... . 
Total correction 40Ar/38Ar %: 
Total correction 38Ar/36Ar %: .... 
Corrected 40Ar#/38Ar#: 
Corrected 38Ar#/36Ar#: 
40Ar*/38Ar* final: 
38Ar*/40Ar* final: .............. . 
40Ar* ppm: ...................... . 
40Ar*/40K: ...................... . 
Age in million years: ........... . 
40Ar total in cc or ml: ......... . 
40Ar* in cc/gm: ................. . 
% 40Ar* ......................... . 
1.39 
.1663 
.002798 
.00001 
2.0446 
1399.75 
.76 
.76 
-2.02 
-2.02 
1.076e-6 
1.34661 
-1.26 
-1.26 
2.01884 
1382.11 
1.8054 
.553895 
2.08465e-2 
1.54808e-2 
248.552±3 
2.17227e-6 
1.16813e-5 
89.4276 
CONVERSION CONSTANT 1<20 TO 40k = 0.9687827; Lb = 4.962 E-10; 
Le+L'e = 0.581 E-10; compTB2.1 vers1.10- S.K.Dobos- 20/8/91 
Data Sheets for Radiometric Dating 
ISOTOPE GEOCHEMISTRY LABORATORIES 
Department of Geology & Mineralogy 
University of Queensland 
Sample identification: .. RS431 QA553 
Sample Submitted by: .... 
Date analysed & analyst:. 
Renate Sliwa 
19/03/93 
Rock type: ............. . 
Mineral analysed of w.r.: 
MONSILDALE GRANODIORITE 
AMPHIBOLE 
Approximate age in m.y. :. 250 
1:250,000 map sheet: ... . GYMPIE 
AMG grid reference: .... . 4403.87 70489.7 
Wt% K20 in sample: .............. . 
Sample weight in grams: ......... . 
Spike 4 OAr /3 8Ar: ................ . 
Spike 36Ar/38/Ar: ............... . 
Sample 40Ar#/38Ar#: ............. . 
Sample 38Ar#/36Ar#: ............. . 
Orifice 40Ar/38Ar correction %: .. 
Orifice 38Ar/36Ar correction %: .. 
Mass discrimination 40Ar/38Ar %: . 
Mass discrimination 38Ar/36Ar %: . 
Spike volume in cc or ml: ....... . 
40K in sample in ppm: ........... . 
Total correction 40Ar/38Ar %: 
Total correction 38Ar/36Ar %: 
Corrected 40Ar#/38Ar#: .......... . 
Corrected 38Ar#/36Ar#: .......... . 
40Ar*/38Ar* final: 
38Ar*/40Ar* final: 
40Ar* ppm: ...................... . 
40Ar*/40K: ...................... . 
Age in million years: ........... . 
40Ar total in cc or ml: ......... . 
40Ar* in cc/gm: ................. . 
% 40Ar* .. . . .. . . . . · · · · · · · · · · · · · · · · 
1.1 
.1455 
.002798 
.00001 
1.394 
2867.89 
.86 
.85 
-2.02 
-2.02 
1.076e-6 
1.06566 
-1.16 
-1.17 
1.37783 
2834.34 
1.27379 
.785056 
1.68108e-2 
.015775 
252.93±3 
1.48254e-6 
9.41995e-6 
92.4493 
CONVERSION CONSTANT K20 TO 40k = 0.9687827; Lb = 4.962 E-10; 
Le+L'e=0.581 E-10; compTB2.1 vers1.10-S.K.Dobos-20/8/91 
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ISOTOPE GEOCHEMISTRY LABORATORIES 
Department of Geology & Mineralogy 
University of Queensland 
Sample identification: . . RS363 QA534 
Sample Submitted by: .... 
Date analysed & analyst:. 
Renate Sliwa 
18/02/92 
Rock type: ............. . 
Mineral analysed of w.r.: 
MONSILDALE GRANODIORITE 
AMPHIBOLE 
Approximate age in m.y.:. 250 
1:250,000 map sheet: ... . GYMPIE 
AMG grid reference: .... . 4399.90 70449.62 
Wt% K20 in sample: .............. . 
Sample weight in grams: ......... . 
Spike 40Ar/38Ar: ................ . 
Spike 36Ar/38/Ar: ............... . 
Sample 40Ar#/38Ar#: ............. . 
Sample 38Ar#/36Ar#: ............. . 
Orifice 40Ar/38Ar correction %: .. 
Orifice 38Ar/36Ar correction %: .. 
Mass discrimination 40Ar/38Ar %: . 
Mass discrimination 38Ar/36Ar %: . 
Spike volume in cc or ml: ....... . 
40K in sample in ppm: ........... . 
Total correction 40Ar/38Ar %: 
Total correction 38Ar/36Ar %: .... 
Corrected 40Ar#/38Ar#: 
Corrected 38Ar#/36Ar#: 
40Ar*/38Ar* final: .............. . 
38Ar*/40Ar* final: .............. . 
40Ar* ppm: ...................... . 
40Ar*/40K: ...................... . 
Age in million years: ........... . 
40Ar total in cc or ml: ......... . 
40Ar* in cc/gm: ................. . 
% 40Ar* ......................... . 
.76 
.3614 
.004666 
2.097e-5 
3.1159 
545.227 
1.69 
1.75 
-.83 
-.83 
8.219e-7 
.736275 
.86 
.92 
3.1427 
550.243 
2.60798 
.383439 
1.05846e-2 
1.43759e-2 
231.876±3 
2.58298e-6 
5.9311e-6 
82.954 
CONVERSION CONSTANT 1<20 TO 40k = 0.9687827; Lb = 4.962 E-10; 
Le+L'e = 0.581 E-10; compTB2.1 vers1.10- S.K.Dobos- 20/8/91 
Data Sheets for Radiometric Dating 
ISOTOPE GEOCHEMISTRY LABORATORIES 
Department of Geology & Mineralogy 
University of Queensland 
Sample identification: . . RS361 QA536 
Sample Submitted by: .... 
Date analysed & analyst:. 
Renate Sliwa. 
21/02/92 
Rock type: ............. . 
Mineral analysed of w.r.: 
Trv - ANDESITE 
WHOLE ROCK 
Approximate age in m.y.:. 230 
1:250 ·' 000 map sheet: ... . GYMPIE 
AMG grid reference: .... . 4418.86 70766.53 
Wt% K20 in sample: .............. . 
Sample weight in grams: ......... . 
Spike 4 OAr /3 BAr: ................ . 
Spike 36Ar/38/Ar: ............... . 
Sample 40Ar#/38Ar#: ............. . 
Sample 38Ar#/36Ar#: ............. . 
Orifice 40Ar/38Ar correction %: .. 
Orifice 38Ar/36Ar correction %: .. 
Mass discrimination 40Ar/38Ar %: . 
Mass discrimination 38Ar/36Ar %: . 
Spike volume in cc or ml: ....... . 
40K in sample in ppm: ........... . 
Total correction 40Ar/38Ar %: 
Total correction 38Ar/36Ar %: 
Corrected 40Ar#/38Ar#: 
Corrected 38Ar#/36Ar#: 
40Ar*/38Ar* final: 
38Ar*/40Ar* final: 
2.195 
.1023 
.004666 
2. 097e·-5 
2.5701 
839.35 
1.17 
1.2 
-.83 
-.83 
8.219e-7 
2.12648 
.34 
.37 
2.57884 
842.456 
2.23004 
.448423 
40Ar* ppm: . . . . . . . . . . . . . . . . . . . . . . . 3 .16951e-2 
40Ar*/40K: . . . . . . . . . . . . . . . . . . . . . . . .014705 
Age in million years: ............ 239.866±3 
40Ar total in cc or ml: .......... 2.11955e-6 
40Ar* in cc/gm: .................. 1.77603e-5 
% 40Ar* . . . . . . . . . . . . . . . . . . . . . . . . . . 86.4745 
CONVERSION CONSTANT K20 TO 40k = 0.9687827: Lb = 4.962 E-10; 
Le+L'e = 0.581 E-1 O; compTB2.1 vers1.1 0- S.K.Dobos- 20/8/91 
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ISOTOPE GEOCHEMISTRY LABORATORIES 
Department of Geology & Mineralogy 
University of Queensland 
Sample identification: . . RS350 QA551. 
Sample Submitted by: .... 
Date analysed & analyst:. 
Renate Sliwa 
17/03/93 
Rock type: ............. . 
Mineral analysed of w.r.: 
Approximate age in m.y. :. 
Trv - ANDESITE 
WHOLE ROCK 
230-240 
1:250.000 map sheet: ... . GYMPIE 
AMG grid reference: .... . 4417.02 70771.41 
Wt% K20 in sample: .............. . 
Sample weight in grams: ......... . 
Spike 40Ar/38Ar: ................ . 
Spike 36Ar/38/Ar: ............... . 
Sample 40Ar#/38Ar#: ............. . 
Sample 38Ar#/36Ar#: ............. . 
Orifice 40Ar/38Ar correction %: .. 
Orifice 38Ar/36Ar correction %: .. 
Mass discrimination 40Ar/38Ar %: . 
Mass discrimination 38Ar/36Ar %: . 
Spike volume in cc or ml: ....... . 
40K in sample in ppm: ........... . 
Total correction 40Ar/38Ar %: 
Total correction 38Ar/36Ar %: 
Corrected 40Ar#/38Ar#: 
Corrected 38Ar#/36Ar#: 
40Ar*/38Ar* final: .............. . 
38Ar*/40Ar* final: .............. . 
40Ar* ppm: ...................... . 
40Ar*/40K: ...................... . 
Age in million years: ........... . 
40Ar total in cc or ml: ......... . 
40Ar* in cc/gm: ................. . 
% 40Ar* ......................... . 
2.35 
.0748 
.002798 
.00001 
1.377 
2943.9 
.91 
.93 
-2.02 
-2.02 
1.076e-6 
2.27664 
-1.11 
-1.09 
1.36172 
2911.81 
1.26045 
.793367 
3.23577e-2 
1.42129e-2 
229.407±3 
1.46521e-6 
1.81316e-5 
92.5635 
CONVERSION CONSTANT K20 TO 40k = 0.9687827; Lb = 4.962 E-1 0; 
Le+L'e = 0.581 E-10; compTB2.1 vers1.10- S.K.Dobos- 20/8/91 
Data Sheets for Radiometric Dating 
40Arf39Ar RADIOMETRIC DATE 
Sample analysed: 
Rock unit: 
Mineral separate: 
AMG coordinates: 
RS374 (Stanford number: S1-9) 
Y abba Creek Granodiorite 
amphibole (new mineral separate) 
4489.28 70622.31 
One of the samples previously dated with the K/Ar method (RS374) was also dated by 
40Arf39Ar analysis. The sample was analysed by Michael McWilliams at the Geophysics 
Department, Stanford University. Results are tabulated in Table III.1. 
/I/-9 
Table 111.1 Results for RS374. Where 1=0.0104671, 40(v)=volts corrected for blank and reactor-produced 40, 
K/Ca is base-l 0 logarithm, !:39 Ar is cumulative and 40 Ar* is the radiometric fraction. 
T(OC) 40(v) 40/39 37/39 36/39 K/Ca r39Ar 40Ar· age(Ma) (J 
500 1.088 11.9169 7.8034 0.1821 -1.2 0.007 0.173 212.06 9.24 
600 1.5443 9.4513 6.1066 0.0435 -1.1 O.o38 0.41 170.18 2.29 
700 2.4349 14.0715 2.0194 0.0251 -0.62 0.087 0.652 247.87 1.42 
800 2.9032 15.835 2.4226 0.0111 -0.69 0.154 0.827 276.66 0.87 
900 4.2942 15.1553 3.8526 0.0056 -0.9 0.266 0.899 265.62 0.68 
1000 12.5134 17.8916 6.4852 0.0028 -1.12 0.565 0.955 309.67 0.59 
1050 6.6366 17.1246 7.2049 0.0033 -1.17 0.729 0.944 297.43 0.65 
1100 4.9411 17.1446 8.4869 0.0029 -1.24 0.853 0.95 297.75 0.61 
1125 4.7673 16.7155 5.2743 0.0025 -1.03 0.975 0.956 290.87 0.65 
1175 0.9871 18.3097 9.4457 0.0014 -1.29 0.999 0.976 316.31 1.5 
1300 -0.0203 19.5653 9.2629 -0.0857 -1.28 -2.813 336.1 19.91 
An operator error occurred between 900° and 1 000°C (Little, pers.comm. ). This step in 
temperature is too large, and caused the mass spectrometer to go off scale. Therefore this step 
comprises a large component of the total gas age, which will be closer to 309Ma than the 
weighted mean on Figure III.1. 
The apparent age versus released argon plot (Figure III. I) sparked several comments by Little 
(pers comm. ): 
1. The convex-upward hump in the release spectrum is probably caused by extraneous argon. 
Therefore the isochron must be used to determine the best-fit age. 
2. The "weight mean plateau" age of 300.03±0.56Ma is meaningless as there is no well 
defined plateau and because of the experimental error discussed above. 
3. The 1000°C step with an apparent age of 310±0.6Ma is the probable maximum age 
estimate of sample cooling. 
4. The 500°C step with the apparent age of 212±9Ma suggests thermal resetting during the 
Triassic. 
5. The 1175°C step has a large blank correction, and is probably insignificant. 
The isochron for RS374 (not included) shows poor correlation between datapoints. The 
500°C step was disregarded altogether, as its radiogenic yield was low. The 40Ar/36Ar 
intercept calculated at 155.6±43.8 (McWilliams, personal notes), compared to atmospheric 
composition at 295.5. This highlights the extraneous argon content of the sample. The 
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calculated intercept age is 302±4.3Ma, and represents the most reasonable cooling age for the 
sample. 
400,_---------------------------------------,
....... 350 I'll 
� 
Q) 
Cl 300 I'll 
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1300"C 
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1050"C 1100'C 112S'C 
total gas age = 289±0.56ma 
WMPA = 300.03±0.56ma 
150L-------�------�-------L------�------�
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Figure 111.1 Apparent ages calculated for RS374 during stepwise heating versus the cumulative release of 39Ar 
during this process. Ages are shown ±I cr error, but without error in the neutron flux parameter. Note the absence 
of a well developed plateau age. 
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Figure 111.2 Plot of log K/Ca versus I:39Ar released. This graph gives an indication of the composition of the 
degassing phases for the individual heating steps. 
APPENDIX IV 
WHOLE ROCK AND MINERAL 
GEOCHEMICAL DATA 

Whole Rock and Mineral Geochemical Data /V-1 
WHOLE ROCK GEOCHEMICAL ANALYSES 
All whole rock geochemical data listed in Table IV.l were obtained by X-ray fluorescence 
analyses on fused disks for major elements and pressed pellets for trace elements. The 
instrument used was a Phillips PW1410 X-ray spectrometer at the Department of Earth 
Sciences, The University of Queensland. 
The samples were crushed to pea-size chips with a hammer or hydraulic press, and ground to a 
fine powder in a chrome steel Tema mill. Intersample contamination was minimised by 
avoiding the use of a jaw crusher and by grinding and discarding a small portion of each 
sample prior to grinding the main portion. Fused disks for major element analyses were 
prepared using the standard method described by Norrish and Hutton (1969), by fusing -0.37g 
of on-ignited rock powder with -2g of flux. Loss on ignition was measured by igniting -1 g 
of rock powder at 950°C for at least 8 hours. Pressed pellets for trace element analyses were 
prepared from -6g of rock powder with a boric acid backing. 
Accuracy of the measurements compared to international standards is within 2% for major 
elements and within 5% for trace elements. Detection levels were taken at 0.1 wt% for major 
element oxides and at I ppm for trace elements. 
Table IV .2 lists whole rock geochemical analyses of pelitic rocks, that were completed by 
Robin Offler at the University of Newcastle for a study of the effect of chemical composition 
on b0-spacings. 
MINERAL GEOCHEMISTRY 
Two samples were analysed by electron microprobe, at the Centre for Microscopy and 
Microanalysis, The University of Queensland, by Chris Stephens (amphibole in RJH231) and 
John Parianos (pyroxene in RS145). The results are listed in Table IV.3 and IV.4. 
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Table N.l Whole rock analyses. 
Sample RS73 RS74 RS81 RS82 RS83 RS85 RS91 RS92 RS96 RSIOO RSI06 RS118 
Unit Pzjp Pzjp Pzjp Pzjp Pzjp Pzpg Pzqg Trv Pzjp Pzjp Pzjp Pzjp 
Si02 47.62 50.03 50.23 48.83 56.42 48.06 67.14 51.46 48.64 48.42 64.22 52.49 
Ti02 2.00 1.66 0.63 1.42 0.61 3.00 0.51 1.26 0.86 0.99 0.83 0.77 
A l203 14.21 13.76 13.99 14.21 12.55 15.86 15.53 14.64 18.29 16.15 18.15 14.90 
Fe203 14.18 11.73 9.05 12.33 8.36 12.04 5.35 11.60 9.22 10.18 7.23 7.62 
MnO 0.20 0.19 0.15 0.21 0.13 0.17 0.26 0.20 0.17 0.17 0.09 0.15 
MgO 6.08 6.33 8.33 7.03 7.50 6.52 1.90 6.11 4.02 4.27 4.88 5.83 
CaO 11.33 10.25 12.53 11.44 9.18 5.23 0.77 9.02 9.34 14.38 3.76 6.15 
Na20 2.48 3.69 3.14 2.98 2.98 4.17 2.21 3.51 3.57 2.19 5.80 3.85 
K20 0.12 0.10 0.12 0.22 0.68 1.53 3.87 1.01 1.78 0.07 1.80 2.41 
P205 0.17 0.12 0.03 0.09 0.03 0.39 0.09 0.09 0.30 0.10 0.13 0.19 
LOI 2.09 1.39 1.40 1.11 1.91 4.68 2.53 1.82 4.84 3.05 3.85 5.60 
Total 100.47 99.26 99.60 99.86 100.35 101.66 100.16 100.71 101.02 99.96 110.74 99.96 
Nb 6 6 3 7 3 24 12 4 5 5 3 7 
Zr 140 117 39 94 41 275 151 83 74 58 72 83 
y 58 42 19 38 21 57 27 34 23 33 21 35 
Sr 157 97 52 104 123 47 100 164 730 1041 59 1089 
Rb 1 2 4 51 26 ISS 46 40 I I 53 
u 2 2 I 
Th I 16 2 I 2 14 
Pb 1 I 14 1 5 43 
Cr 132 149 699 321 273 245 247 170 70 211 292 233 
v 471 403 235 354 276 390 111 355 261 316 183 220 
Co 33 37 41 43 32 42 18 36 23 29 35 29 
La 9 16 7 11 9 19 33 10 19 7 30 
Ce 5 7 18 38 56 9 44 7 6 54 
Nd 11 8 12 5 24 24 10 21 9 5 30 
Cu 57 56 87 43 33 IS 49 43 49 65 85 
Ni 44 52 106 64 63 116 40 39 5 29 79 28 
Zn 118 107 77 108 61 130 70 110 96 109 81 80 
Sample RS121 RS122 RS123 RS131 RS132 RSI34 RS135 RS137 RS140 RS141 RS143 RS145 
Unit Pzbb Pzpg Pzpg Pzpg Pzpg Pzjp Trv Pzpg Tv Trv Pzpg Tv 
Si02 66.01 47.84 47.46 47.25 46.82 41.32 46.72 50.01 61.04 67.04 45.90 47.87 
Ti02 0.02 1.09 1.32 1.67 1.10 2.84 1.22 1.30 1.10 0.25 1.45 1.25 
A1203 0.29 12.81 15.25 13.33 13.47 14.06 17.71 13.73 15.42 17.76 15.34 16.41 
Fe203 31.79 11.5 I 12.33 14.39 10.77 16.73 8.75 11.07 5.78 2.29 12.51 9.47 
MnO 0.10 0.18 0.19 0.18 0.39 0.26 0.16 0.16 0.15 0.05 0.18 0.15 
MgO 0.32 9.54 7.34 8.54 6.87 7.68 3.71 4.28 1.43 0.29 7.41 6.65 
CaO 0.32 13.65 12.06 9.37 17.55 10.61 10.06 16.45 2.62 0.45 10.35 11.96 
Na20 0.47 2.18 2.56 2.91 2.23 2.18 3.80 1.25 4.29 5.75 3.22 3.30 
K20 0.01 0.14 0.30 0.22 0.39 0.07 0.80 0.11 5.00 2.85 0.61 0.49 
P205 0.03 0.06 0.08 0.12 0.16 0.23 0.22 0.08 0.44 0.05 0.09 0.08 
LOI 0.21 0.24 0.81 2.98 0.77 4.12 8.58 2.26 3.24 2.59 3.07 2.90 
Total 99.57 99.24 99.71 100.96 100.51 100.10 101.72 100.68 100.49 99.38 100.13 100.52 
Nb 5 6 7 7 11 8 6 7 16 9 6 3 
Zr 13 61 80 97 90 202 135 71 320 229 85 74 
y 11 25 30 34 33 74 31 29 42 17 30 32 
Sr 3 123 ISO 231 173 177 470 455 485 653 108 206 
Rb 1 2 3 7 2 14 I 168 87 8 18 
u 3 2 4 8 
Th 3 9 1 1 2 5 18 9 2 
Pb 2 2 6 2 5 20 15 1 
Cr 374 384 120 ISO 317 215 51 116 55 65 268 653 
v 120 316 349 341 265 586 227 325 80 10 318 280 
Co 56 42 so 34 39 24 37 8 48 37 
La 5 9 5 17 18 6 49 46 13 
Ce 12 IS 28 22 39 15 97 60 16 12 
Nd 8 6 9 11 18 16 19 10 49 26 11 9 
Cu 149 33 87 33 35 32 94 108 66 
Ni 24 110 60 61 98 72 13 33 7 66 72 
Zn 23 89 96 170 117 155 88 67 93 46 93 75 
Rock unit codes are defined in text. Major element oxide compositions are given in weight%, trace element compositions in ppm. 
"-" indicates analysis below detection limit. 
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Table IV.l(cont.) Whole rock analyses. 
Sample RS149 RS153 RS154 RS157 RS158 RSI59 RS160 RSI62 RS166 RSI69 RSI74 RSI75 
Unit Cgg Pzpg Pkm Trv Trv Pkm Pzs Pzpg Pzbb Pzbb Pzbb Pcb 
Si02 62.17 46.68 56.21 62.66 54.42 53.05 39.81 47.01 47.95 47.87 44.98 49.08 
Ti02 0.77 1.03 0.98 0.65 l.ll 1.07 0.03 1.76 1.63 2.19 1.40 1.03 
Al203 14.72 16.86 16.72 18.04 18.17 17.88 1.48 14.78 18.22 14.79 15.84 19.22 
Fe203 6.82 9.98 7.45 4.18 8.82 9.11 8.13 14.13 14.12 16.43 12.57 8.71 
MnO 0.15 0.16 0.23 0.09 0.12 0.17 0.14 0.21 0.19 0.16 0.19 0.21 
MgO 2.27 8.47 3.47 1.62 3.82 3.54 38.80 7.41 3.47 5.34 9.50 5.67 
CaO I .I7 10.68 6.14 2.53 5.38 6.83 1.08 8.42 5.33 4.98 8.19 9.96 
Na20 3.07 2.87 3.54 5.12 4.25 3.52 1.00 3.62 6.11 5.70 3.29 3.27 
K20 2.44 0.10 2.64 3.38 1.52 2.14 0.01 0.33 0.96 0.81 0.12 0.44 
P205 0.12 0.06 0.31 0.18 0.20 0.33 0.13 O.Q7 0.22 0.14 0.07 
LOI 3.05 3.04 2.65 2.97 2.64 2.83 12.83 3.06 2.58 2.05 3.02 3.27 
Total 96.73 99.93 100.34 101.41 IOOAS 100.49 103.29 100.85 100.64 100.53 99.24 100.91 
Nb 10 5 7 9 7 7 I 7 3 6 6 4 
Zr  199 69 119 480 157 131 5 117 Il l 181 104 68 
y 42 24 24 22 36 24 1 41 21 58 44 27 
Sr 259 108 729 632 436 850 6 ISO 221 113 128 235 
Rb 74 I 83 133 59 138 6 27 21 3 14 
u I I 4 3 2 5 2 
Th 10 I 21 8 4 2 I I 
Pb 9 IS 20 5 12 7 6 I 3 
Cr 231 539 68 93 53 67 3185 79 1014 220 351 357 
v 125 247 176 75 281 179 50 376 230 348 288 210 
Co 15 55 23 8 22 17 109 39 53 40 53 40 
La 27 19 42 25 24 8 15 7 
Ce 50 12 37 70 41 43 15 9 23 16 9 
Nd 27 10 26 28 22 25 1'1 7 16 12 9 
Cu 133 29 167 47 21 
Ni 25 108 20 10 8 21 2183 41 220 60 58 89 
Zn 123 132 114 75 98 73 83 126 140 140 116 102 
Sample RSI77 RSI79 RS180 RSI82 RS184 RS199 RS200 RS201 RS205 RS206 RS207 RS208 
Unit Pcb Trv Pzap Trnv Trv Pzs Pzs Trv Pzgr Pzgr Pzgr Pzqg 
Si02 46.14 61.43 61.34 58.85 74.17 40.18 42.11 64.98 47.31 44.59 44.19 61.20 
Ti02 2.13 0.71 0.75 0.71 0.19 0.05 0.06 0.44 1.36 1.42 2.28 0.77 
Al203 14.83 16.90 16.28 14.70 13.61 2.11 2.00 17.13 14.34 15.11 13.13 16.56 
Fe203 ll.l2 5.01 6.79 5.80 1.21 7.75 7.12 3.60 10.82 12.27 16.06 6.24 
MnO 0.30 0.09 0.10 0.11 0.01 0.10 0.10 0.11 0.17 0.18 0.23 0.08 
MgO 5.42 2.46 2.67 5.65 0.44 36.33 35.33 1.56 10.33 9.29 9.00 2.51 
CaO 7.42 4.28 1.96 3.46 0.16 0.06 2.56 2.79 8.69 11.64 9.49 1.00 
Na20 6.23 4.21 3.39 3.40 3.93 1.27 1.20 4.81 3.97 2.88 3.87 4.71 
K20 0.61 3.36 3.33 3.11 4.84 0.01 2.47 0.52 0.63 0.40 2.93 
P205 0.37 0.16 0.17 0.12 0.04 0.23 0.11 0.08 0.16 0.18 
LOI 7.32 2.55 3.95 4.42 1.33 16.27 13.10 2.30 3.07 3.11 1.90 1.60 
Total 101.90 101.16 100.74 100.33 99.92 104.13 103.58 100.41 100.67 101.19 100.71 97.79 
Nb 27 8 13 8 9 I 1 9 6 6 8 12 
Zr  178 418 177 186 146 8 2 213 52 57 101 188 
y 34 21 44 26 18 4 I 32 29 42 66 37 
Sr 253 589 106 441 120 8 378 112 399 167 67 
Rb 13 114 127 77 170 I 66 16 20 4 Ill 
u I 1 5 3 6 I I 2 I 3 
Th 4 20 16 12 23 9 3 16 
Pb 5 18 7 12 15 2 9 6 4 I 14 
Cr 46 100 186 424 136 3130 3380 103 529 383 233 187 
v 311 76 138 149 IS 38 71 27 308 394 533 136 
Co 43 7 13 23 3 132 90 4 47 40 49 17 
La 14 41 32 23 33 28 5 30 
Ce 37 74 58 41 61 52 6 20 65 
Nd 23 29 30 21 22 25 5 8 18 30 
Cu 20 29 41 22 46 
Ni 69 9 36 84 10 2380 1833 16 182 106 75 43 
Zn 124 73 103 73 31 44 38 46 110 97 137 79 
Rock unit codes are defined in text. Major element oxide compositions are given in weight%, trace element compositions in ppm. "-" 
indicates analysis below detection limit. 
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Table IV.l(cont.) Whole rock analyses. 
Sample RS209 RS210 RS211 RS213 RS220 RS221 RS222 RS223 RS226 RS228 RS232 RS236 
Unit Trv Trv Trv Cgg Cgg Cgg Trkg Pzap Pzs Pzab Pzs Pzab 
Si02 65.76 61.41 49.89 58.27 68.59 60.94 60.09 63.37 37.88 64.29 79.57 49.98 
Ti02 0.47 0.68 1.17 0.96 1.09 0.62 0.74 0.76 2.73 0.59 0.27 1.39 
Al203 15.29 18.00 14.73 15.77 20.22 15.00 15.61 16.37 12.61 11.21 4.78 14.79 
Fe203 3.49 4.47 11.76 7.92 9.42 4.90 5.66 6.08 19.60 6.50 5.02 11.79 
MnO 0.07 0.08 0.19 0.16 0.08 0.09 0.11 0.11 0.16 0.18 0.14 0.19 
MgO 1.53 1.55 6.55 2.90 2.73 2.64 3.09 2.74 11.49 6.91 3.27 5.58 
CaO 2.78 3.86 9.59 3.44 2.07 3.47 4.19 0.45 10.61 1.44 1.69 10.94 
Na20 4.48 5.06 3.33 3.25 4.26 3.76 4.68 5.11 2.12 5.99 4.00 2.83 
K20 3.25 2.65 1.17 2.23 3.20 3.09 2.65 2.33 0.94 0.02 0.04 0.52 
P205 0.14 0.18 0.08 0.19 0.21 0.11 0.13 0.17 0.01 0.03 0.06 0.09 
LOI 4.02 1.97 2.62 3.20 3.55 3.15 2.89 2.75 2.32 2.77 0.81 3.15 
Total 101.27 99.91 101.07 98.28 115.42 97.77 99.84 100.24 100.46 99.93 99.64 101.25 
Nb 9 7 4 10 12 7 8 11 6 6 3 4 
Zr 141 450 59 201 217 179 118 198 54 87 29 64 
y 13 20 29 40 37 18 27 34 39 19 9 32 
Sr 364 492 197 326 152 535 542 22 448 3 12 321 
Rb 107 86 62 75 145 96 79 84 17 1 29 
u 1 2 6 1 3 3 2 
Th 11 18 1 12 17 12 10 13 6 13 2 
Pb 12 9 I 15 II 13 16 6 3 1 
Cr 115 110 129 175 242 174 200 120 26 555 324 124 
v 72 63 341 176 165 123 134 133 848 !51 64 376 
Co 7 10 38 20 17 13 16 15 56 42 37 32 
La 23 42 33 35 17 19 33 13 
Ce 43 74 15 59 66 35 43 64 27 19 II II 
Nd 19 28 11 30 30 20 20 28 "23 II 8 10 
Cu 67 40 43 103 20 48 
Ni 8 8 32 31 36 18 20 51 259 324 150 32 
Zn 64 61 99 162 138 104 68 111 131 102 63 101 
Sample RS237 RS238 RS239 RS240 RS241 RS243 RS244 RS245 RS246 RS247 RS248 RS249 
Unit Pzqg Cgg Cgg Pzab Trv Trv Tmt Trba Trba Trba Trba Trba 
Si02 65.11 65.39 66.09 47.23 51.55 64.11 69.40 60.30 60.46 60.40 59.77 60.03 
Ti02 0.70 0.84 0.54 2.57 1.01 0.56 0.39 0.72 0.78 0.76 0.77 0.74 
Al203 14.13 14.42 14.15 15.28 15.94 15.64 14.18 16.47 16.67 16.01 16.39 17.02 
Fe203 5.86 6.49 4.35 14.19 7.82 4.54 3.33 5.81 5.72 5.60 6.59 5.91 
MnO 0.09 0.09 0.08 0.27 0.15 0.09 0.06 0.11 0.08 0.10 0.22 0.10 
MgO 2.02 2.23 1.50 5.18 4.96 1.85 1.49 3.20 2.99 3.18 3.62 3.13 
CaO 2.17 3.02 2.54 9.24 8.08 4.13 2.36 6.08 5.07 5.14 6.58 5.85 
Na20 2.78 3.10 3.98 3.85 3.92 3.89 3.91 3.58 3.46 3.52 3.59 3.99 
K20 2.55 1.82 1.37 0.19 0.95 2.74 3.95 2.65 3.31 3.21 1.87 2.43 
P205 0.14 0.14 0.09 0.31 0.18 0.15 0.09 0.18 0.14 0.14 0.16 0.19 
LOI 2.16 2.22 2.08 2.67 6.67 2.28 1.07 1.39 1.57 1.50 2.45 1.27 
Total 97.71 99.76 96.77 100.97 101.23 99.97 100.23 100.50 100.26 99.55 101.99 100.66 
Nb II 11 5 8 6 7 12 8 8 8 8 8 
Zr 187 211 147 251 94 117 148 182 206 203 182 170 
y 33 334 33 68 23 19 49 25 29 22 23 22 
Sr 314 317 280 216 530 463 168 683 373 358 424 499 
Rb 77 61 56 3 19 69 180 87 112 116 103 102 
u 1 I 2 8 I 4 2 II 7 
Th 11 10 7 I 2 8 17 II 15 13 10 8 
Pb 17 14 11 2 7 10 16 15 14 17 17 II 
Cr 221 220 236 103 179 120 362 150 184 202 216 133 
v 131 140 89 392 215 104 67 125 129 123 151 141 
Co 14 14 12 33 26 II 10 22 20 20 19 20 
La 28 23 18 9 16 27 20 27 33 26 21 30 
Ce 48 54 37 43 39 41 47 54 55 48 46 54 
Nd 23 25 18 30 24 20 22 26 30 22 22 23 
Cu 22 28 21 33 28 26 17 23 
Ni 28 30 18 23 21 7 17 22 32 32 34 24 
Zn 102 130 64 147 86 58 46 95 76 70 186 79 
Rock unit codes are defined in text. Major element oxide compositions are given in weight%, trace element compositions in ppm. "-" 
indicates analysis below detection limit. 
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Table IV.l(cont.) Whole rock analyses. 
Sample RS250 RS251 RS252 RS253 RS271 RS295 RS298 RS303 RS306 RS307 RS308 RS312 
Unit Trba Trba Trba Trba Pzgr Trv Cyg Cyg Cgg Pzgr Cgg Pmb 
Si02 59.33 61.91 60.34 57.57 53.33 53.18 64.39 63.26 72.94 50.29 74.39 73.25 
Ti02 0.79 0.65 0.74 0.75 1.05 1.40 0.73 0.89 0.30 1.26 0.08 0.27 
Al203 14.48 15.84 16.70 16.41 17.73 13.99 13.45 14.08 14.03 14.91 12.52 12.88 
Fe203 6.74 5.39 5.70 6.48 7.15 11.42 6.38 6.69 2.65 10.43 1.08 2.75 
MnO 0.12 0.09 0.10 0.13 0.20 0.22 0.12 0.13 0.05 0.19 0.02 0.08 
MgO 4.43 3.24 3.09 4.09 3.09 5.97 2.40 2.33 0.89 6.76 0.40 0.41 
CaO 6.48 5.42 5.42 6.99 8.82 6.95 5.13 2.90 2.39 9.51 3.73 2.04 
Na20 2.54 3.35 3.71 3.61 3.11 4.39 3.07 3.21 3.70 3.27 4.13 5.12 
K20 2.60 2.90 2.44 2.13 0.38 0.51 1.84 2.77 2.73 0.95 1.36 2.12 
P205 0.14 0.12 0.18 0.14 0.25 0.11 0.15 0.18 0.07 0.13 0.01 0.07 
LOI 2.40 1.64 1.55 1.74 6.82 0.89 1.99 2.10 2.69 2.01 1.44 1.32 
Total 100.03 100.54 99.96 100.04 101.91 99.03 99.65 98.55 102.42 99.71 99.15 100.29 
Nb 8 7 8 8 10 3 7 9 7 5 6 II 
Zr ISS 172 180 !53 161 70 127 269 187 170 66 197 
y 26 26 24 27 24 28 28 30 177 33 29 26 
Sr 388 330 467 437 431 158 277 233 162 137 45 163 
Rb 93 88 91 65 10 21 64 105 76 30 33 58 
u I 4 2 2 I 2 I 6 4 
Th 9 15 12 10 I 2 17 4 
Pb 10 15 9 10 4 3 6 17 17 6 
Cr 344 197 124 220 55 108 214 207 203 331 188 258 
v 164 132 131 173 134 388 136 134 34 276 2 20 
Co 26 16 19 27 17 36 21 19 8 39 5 
La 20 18 28 18 18 7 27 16 II 16 30 
Ce 43 39 49 39 46 14 48 4� 16 28 34 67 
Nd 20 21 25 19 27 14 24 25 9 18 15 26 
Cu 29 25 25 50 46 30 28 40 
Ni 47 25 20 35 26 18 21 8 66 6 
Zn 78 77 81 77 117 104 94 103 45 112 28 56 
Sample RS313 RS314 RS316 RS317 RS318 RS319 RS320 RS321 RS322 RS323 RS329 RS331 
Unit Pmb Pmb Pmb Pmb Pmb Trv Trmg Trv Trv Cyg Pzgr Pzgr 
Si02 68.20 76.45 54.26 63.40 73.38 67.68 64.04 58.02 67.34 64.38 47.45 46.72 
Ti02 0.50 0.14 1.82 0.82 0.34 0.35 0.77 0.54 0.24 0.84 1.50 1.79 
Al203 14.22 12.46 15.42 14.86 13.40 15.61 13.84 16.94 16.84 14.12 13.79 13.84 
Fe203 4.15 1.85 9.94 5.06 2.80 3.12 6.87 6.58 2.14 6.34 11.44 12.88 
MnO 0.09 0.04 0.17 0.12 0.05 0.05 0.08 0.09 0.12 0.13 0.18 0.19 
MgO 1.07 0.12 3.43 1.59 0.66 1.29 3.01 2.00 0.50 2.74 7.52 7.77 
CaO 2.36 0.48 5.31 4.23 1.37 2.31 4.62 4.30 1.82 4.38 11.92 10.09 
Na20 4.05 5.56 4.51 6.17 4.09 4.28 3.71 3.33 5.26 3.69 2.64 2.69 
K20 3.36 2.22 1.40 1.51 3.07 3.52 1.38 1.95 2.82 1.49 0.18 0.20 
P205 0.14 0.02 0.58 0.28 0.08 0.12 0.18 0.29 0.08 0.19 0.14 0.15 
LOI 1.59 0.72 2.87 2.53 1.33 2.32 0.89 6.82 3.11 1.92 2.22 2.93 
Total 99.72 100.06 99.71 100.57 100.56 100.67 99.38 100.86 100.27 100.23 98.98 99.24 
Nb 9 10 3 4 1 6 4 4 11 6 
Zr 213 179 175 239 134 148 130 190 242 202 89 103 
y 24 25 30 31 9 14 22 17 15 48 34 38 
Sr 217 100 332 193 324 380 280 473 785 240 145 150 
Rb 113 49 37 34 93 122 50 67 106 58 2 7 
u 1 1 3 10 2 6 
Th 23 7 I 13 4 3 10 
Pb 9 11 I I 3 5 4 3 13 
Cr 208 282 28 103 221 105 257 65 100 191 281 249 
v 47 12 21 57 38 49 142 84 12 107 337 389 
Co 8 2 21 7 8 9 20 12 4 18 36 39 
La 32 30 19 27 20 26 20 23 29 7 
Ce 72 64 63 66 40 50 43 66 64 46 13 16 
Nd 30 25 33 34 IS 20 19 29 25 29 12 14 
Cu 17 49 22 116 50 
Ni 5 5 5 26 26 53 67 
Zn 59 52 114 97 58 54 35 77 75 92 124 136 
Rock unit codes are defined in text. Major element oxide compositions are given in weight%, trace element compositions in ppm. "-" 
indicates analysis below detection limit. 
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Table IV.l(cont.) Whole rock analyses. 
Sample RS332 RS334 RS335 RS336 RS337 RS338 RS339 RS340 RS341 RS342 RS343 RS345 
Unit Cgg Cgg Pzab Pzab Cgg Cgg Cgg PTrd Cgg PTrd Cgg Pmb 
Si02 69.24 62.72 48.66 48.07 65.09 66.86 67.34 58.03 65.00 48.50 67.53 62.67 
Ti02 0.64 0.83 1.29 1.26 0.74 0.72 0.75 1.23 0.66 0.79 0.63 0.63 
Al203 13.31 14.49 14.77 13.99 14.35 14.98 13.86 12.94 14.66 14.78 13.78 15.38 
Fe203 5.25 7.17 11.86 11.68 5.76 4.73 5.36 10.17 5.84 9.89 4.67 5.84 
MnO 0.13 0.18 0.19 0.20 0.10 0.08 0.09 0.17 0.12 0.17 0.08 0.11 
MgO 1.95 2.64 5.84 7.35 2.22 1.54 1.82 3.27 2.38 7.77 1.88 3.05 
CaO 2.03 3.67 9.55 11.25 2.88 3.48 2.67 6.02 2.94 11.01 2.65 4.39 
Na20 3.24 3.27 2.69 2.50 2.93 3.60 3.09 3.59 3.16 1.99 2.71 3.55 
K20 2.13 2.01 0.94 0.93 2.47 1.89 3.24 1.10 2.48 1.17 2.85 2.04 
P205 0.12 0.16 0.09 0.09 0.14 0.13 0.14 0.11 0.14 0.05 0.11 0.11 
LOI 1.95 2.98 3.21 2.21 2.37 2.09 1.40 2.04 1.99 2.85 2.24 1.73 
Total 99.98 100.11 99.08 99.54 99.04 100.10 99.75 98.67 99.36 98.97 99.12 99.48 
Nb 5 3 6 5 6 1 4 
Zr 172 180 48 41 196 287 230 163 137 23 182 96 
y 18 25 26 23 18 22 35 41 12 13 15 14 
Sr 228 155 252 188 255 242 164 120 204 128 195 300 
Rb 69 85 60 71 108 74 140 51 139 72 123 63 
u 2 4 10 9 10 5 10 
Th 11 13 6 19 2 10 3 
Pb 18 16 15 8 13 7 9 6 
Cr 212 186 188 350 220 191 229 142 225 240 189 161 
v 104 141 354 364 112 81 90 257 110 313 100 138 
Co 13 18 35 38 13 10 13 26 12 36 14 16 
La 14 16 42 36 43 8 18 12 11 
Ce 32 60 9 6 86 79 100 38 28 II 46 31 
Nd 18 26 11 8 37 32 42 21 14 6 18 15 
Cu 38 43 44 67 24 21 33 24 33 96 26 32 
Ni 18 28 40 56 19 13 18 12 24 52 18 16 
Zn 158 120 118 105 105 78 96 119 97 92 79 84 
Sample RS347 RS348 RS349 RS350 RS351 RS352 RS353 RS356 RS358 RS359 RS360 RS361 
Unit Trv Trv Trv Trv Trv Trv Trv Trkg Trkig Trkig Trkig Trv 
Si02 55.00 52.36 55.66 59.04 57.02 56.95 54.67 63.92 64.24 67.02 69.26 58.03 
Ti02 0.89 0.95 0.97 0.83 0.73 0.87 0.95 0.71 0.68 0.56 0.50 0.83 
Al203 16.42 17.04 17.32 16.75 14.75 17.28 17.36 15.18 16.07 15.32 14.79 16.98 
Fe203 7.12 6.70 7.50 6.21 6.39 6.31 6.71 5.03 5.14 4.34 3.57 6.38 
MnO 0.15 0.15 0.17 0.11 0.25 0.14 0.12 0.09 0.11 0.09 0.09 0.09 
MgO 3.40 4.08 4.03 3.03 2.61 3.36 3.59 2.83 2.10 1.61 1.35 2.93 
CaO 7.12 6.18 4.29 5.66 3.88 5.23 5.59 3.94 4.15 3.50 2.95 6.44 
Na20 3.70 2.94 3.33 3.61 2.26 3.85 4.11 3.84 3.93 3.64 3.68 3.24 
K20 1.05 3.32 2.48 2.32 2.63 1.67 1.19 3.47 2.92 3.53 3.59 1.98 
P205 0.22 0.24 0.22 0.21 0.20 0.22 0.23 0.14 0.17 0.12 0.11 0.19 
LOI 5.20 7.54 4.85 1.54 8.17 5.43 6.19 1.42 0.75 0.64 1.22 3.95 
Total 100.26 101.50 100.80 99.30 98.88 101.31 100.72 100.55 100.26 100.37 101.10 101.04 
Nb 4 3 3 3 2 3 4 4 4 5 4 
Zr 162 165 161 171 128 181 173 311 167 153 132 175 
y 21 19 18 21 13 20 23 24 17 14 13 24 
Sr 372 281 325 452 207 558 406 271 323 258 249 347 
Rb 30 139 104 72 115 65 50 150 131 158 165 62 
u 7 10 13 2 18 13 2 
Th 7 1 7 31 8 2 23 13 13 26 
Pb 5 5 3 9 9407 13 6 20 6 10 7 6 
Cr 75 45 62 91 83 54 56 217 185 201 264 106 
v 150 162 172 141 102 139 158 109 96 87 60 143 
Co 22 19 24 18 20 17 19 18 13 10 8 21 
La 17 13 14 19 9 13 18 23 32 17 31 23 
Ce 47 49 44 46 45 45 47 51 70 41 65 50 
Nd 24 24 22 24 20 22 26 25 25 19 20 25 
Cu 60 51 23 63 22 27 23 24 15 20 
Ni 16 13 16 13 7 12 14 27 9 5 7 14 
Zn 97 92 104 81 5433 106 100 90 78 103 89 177 
Rock unit codes are defined in text. Major element oxide compositions are given in weight%, trace element compositions in ppm. "-" 
indicates analysis below detection limit. 
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Table IV.l(cont.) Whole rock analyses. 
Sample RS362 RS363 RS367 RS368 RS369 RS370 RS371 RS373 RS374 RS375 RS376 
Unit Trkg Trrng Pmb Pmb Pmb Pmb Pmb Trmg Cyg Cyg Trtg 
Si02 64.97 56.79 51.57 50.79 51.24 64.74 52.15 68.24 60.85 61.99 65.58 
Ti02 0.57 0.95 1.17 0.97 1.38 0.97 1.07 0.79 1.34 1.13 0.60 
Al203 15.37 17.20 13.83 14.79 15.06 14.30 18.00 13.83 14.27 14.16 15.87 
Fe203 4.57 7.68 9.52 10.90 10.68 6.67 6.90 5.71 8.74 7.83 4.35 
MnO 0.08 0.16 0.19 0.18 0.21 0.10 0.20 0.12 0.20 0.17 0.08 
MgO 2.64 3.57 7.14 7.20 5.06 2.41 2.87 1.35 3.08 2.79 2.34 
CaO 3.77 6.54 9.07 9.82 7.74 3.04 9.31 1.68 4.69 4.68 3.81 
Na20 3.74 3.78 2.43 3.18 4.40 3.98 3.35 3.82 4.05 3.60 4.08 
K20 3.46 2.12 1.29 0.42 0.49 0.74 0.57 3.61 1.25 1.64 3.45 
P205 0.11 0.32 0.30 0.08 0.11 0.21 0.25 0.18 0.28 0.23 0.13 
LOI 1.42 1.32 4.70 1.77 3.07 3.42 7.39 1.45 2.28 2.36 0.95 
Total 100.68 IOQ.42 101.21 100.09 99.44 100.59 102.05 100.77 101.02 100.58 101.23 
Nb 4 6 6 4 8 9 8 9 
Zr 177 168 124 35 59 285 170 278 267 211 184 
y 21 23 32 19 28 25 27 42 47 33 16 
Sr 294 531 912 217 220 298 420 151 238 169 316 
Rb 139 89 36 19 17 31 17 128 45 57 134 
u 2 4 7 2 I 5 
Th 14 9 3 12 12 9 11 
Pb 13 5 10 7 8 5 16 7 8 9 
Cr 353 113 433 179 45 207 31 201 147 192 243 
v 95 167 272 323 394 114 163 79 199 174 91 
Co 15 20 31 39 36 16 18 1 I 20 20 15 
La 19 32 16 13 21 32 22 18 22 
Ce 51 66 53 6 10 32 55 80 59 46 46 
Nd 21 31 32 9 12 18 29 35 33 24 21 
Cu 49 30 93 so 318 26 23 45 31 
Ni 28 9 62 42 22 18 8 19 18 19 
Zn 84 91 109 94 108 81 119 122 117 107 49 
Rock unit codes are defined in text. Major element oxide compositions are given in weight%, trace element compositions in ppm. "-" 
indicates analysis below detection limit. 
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Table IV.2 Whole rock analyses for pelitic rocks (analysed by R.Offler). 
Sample RS107 RS129 RS103 RS67 RS112 RS127 RS421 RSI02 RS71 
Unit Pzjp Pzbb Pzjp Pzjp Pzjp Pzbb Pzjp Pzjp Pzjp 
bo 9.073 9.061 9.062 9.060 9.047 9.060 9.056 9.070 9.069 
Si02 77.71 65.96 76.50 72.20 73.39 69.69 65.43 77.65 65.66 
Al203 11.08 15.61 10.73 12.92 11.73 13.62 14.22 9.62 15.43 
Na20 4.74 2.96 3.66 1.13 3.11 3.37 2.12 2.44 3.54 
MgO 0.47 2.25 0.64 1.37 1.44 1.60 1.85 0.67 1.76 
P205 0.10 0.11 0.16 0.03 0.19 0.15 0.12 0.02 0.13 
s 0.00 
CaO 1.16 0.70 0.77 0.05 1.77 1.22 1.12 0.05 0.74 
K20 0.89 2.89 1.22 3.72 1.59 2.63 2.49 1.97 2.85 
Ti02 0.34 0.60 0.75 0.52 0.70 0.56 0.75 0.30 0.95 
MnO 0.06 0.27 0.02 0.15 0.07 0.06 0.06 0.10 0.07 
Fe203 1.92 5.71 2.82 4.21 4.18 3.99 6.94 3.47 5.59 
Rb 30 114 41 138 52 100 95 77 104 
Sr 172 49 92 18 184 125 159 22 89 
Th 10 15 8 14 9 13 11 13 12 
Pb 17 28 23 5 23 19 18 36 33 
Ba 236 623 254 921 406 520 583 617 569 
Zr 166 186 252 149 ISO ISS !57 131 214 
Zn 31 84 41 74 58 64 101 58 83 
Hf 6 5 5 4 4 4 3 4 4 
Ga 9 19 8 IS 9 14 18 13 16 
y 19 36 24 24 23 27 36 22 29 
Ce 35 29 25 31 30 41 25 34 21 
Cr 42 45 74 32 48 46 50 19 59 
v 41 86 76 83 94 81 127 36 I l l 
As 2 5 6 3 3 4 3 3 6 
Cs 1 9 I 17 4 
La 22 36 8 9 25 33 28 30 18 
Ni 2 16 I 13 7 10 16 11 15 
Bi 3 3 2 4 3 4 2 2 4 
Cd 4 3 4 2 3 4 10 5 
Sb 2 2 2 3 2 2 
Ta 2 I I 2 1 1 
Se 
Ge 
Cu 1 22 50 4 
Co 57 27 60 32 57 38 18 75 17 
Nb 7 15 9 12 10 12 12 12 12 
u 2 1 2 I 3 2 3 
F 872 882 1093 1292 724 1068 882 1428 778 
Cl 12 9 53 53 202 11 19 14 14 
Rock unit codes are defined in text. Major element oxide compositions are given in weight%, trace element compositions in ppm. 
"-" indicates analysis below detection limit. 
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Table IV.3 Electron microprobe analyses of augite in RS143 (c- core analysis, r- rim analysis). 
Si02 Ti02 Al203 FeO MgO CaO Na20 Cr203 MnO P205 NiO K20 Total 
rat 52.94 0.398 2.07 6.582 16.666 19.461 0.73 0.187 0.187 0.033 0 0.127 99.381 
ra2c 51.789 0.521 2.92 9.525 14.752 18.541 0.276 0.016 0.206 0.023 0.017 0.012 98.598 
ra2r 52.654 0.57 2.898 6.892 16.062 19.444 0.234 0.261 0.099 0.004 0.023 0.014 99.155 
ra3c 53.094 0.434 2.201 6.393 16.63 19.572 0.215 0.209 0.164 0.039 0.018 0 98.969 
ra3c 52.75 0.357 2.309 6.453 16.508 19.729 0.194 0.186 0.171 0.046 0 0.008 98.711 
ra3r 51.959 0.736 1.916 11.92 14.481 17.419 0.226 0.034 0.284 0.015 0.037 0 99.027 
ra3r 51.554 0.746 1.989 12.519 14.11 17.218 0.274 0.008 0.286 0.033 0.012 0 98.749 
ra4 52.429 0.515 1.86 IO.D78 15.416 17.726 0.247 0 0.304 0 0.057 0.013 98.645 
ra5 51.325 0.97 2.455 13.598 13.365 17.328 0.32 0.021 0.329 0 0 0 99.711 
ra6 53.083 0.546 1.805 9.099 16.112 18.239 0.238 0.024 0.277 0 0 0 99.423 
ra7 52.527 0.513 2.812 6.725 16.301 19.583 0.216 0.156 0.174 0.019 0.047 0.01 99.083 
ra9c 52.576 0.256 2.082 8.348 14.982 19.492 0.354 0.297 0.201 0.011 0.002 0 98.601 
ra9r 52.51 0.568 2.662 7.138 16.059 19.058 0.233 0.053 0.17 0 0.037 0 98.488 
raJ Or 52.489 0.561 2.736 7.331 16.254 18.943 0.242 0.14 0.146 0 0.012 0 98.854 
rail 52.887 0.516 2.676 6.78 16.263 19.565 0.271 0.212 0.126 0.025 0.051 0 99.372 
ral 2  52.391 0.635 2.654 7.652 15.833 19.06 0.286 0.044 0.193 0 0 0.004 98.752 
ral 3  51.321 0.876 2.584 I 1.782 14.831 16.952 0.294 0 0.318 0.036 0.014 0.012 99.020 
ratS 53.272 0.317 2.02 7.485 16.092 19.344 0.259 0.254 0.186 0 0 0 99.229 
Table IV.4 Electron microprobe analyses of ferro-eckennannite in RJH23 l. 
Si02 Ti02 Al203 Cr203 FeO MnO NiO MgO CaO Na20 K20 F Total 
I 52.01 0.39 0.86 0 21.52 0.26 0 4.52 8.82 8.93 0.01 0 97.33 
2 51.96 0.3 0.68 0.1 20.12 0.33 0.01 5.57 10.42 7.85 0.02 0 97.36 
3 51.44 0.62 0.63 0.1 20.68 0.23 0.05 5.08 9.77 8.4 0 0 97.02 
7 52.11 0.3 0.5 0.04 20.11 0.36 0 5.65 10.83 7.74 0.04 0 97.67 
8 51.95 0.52 0.64 0 20.96 0.28 0 4.99 9.2 8.52 0.01 0 97.07 
9 52.06 0.58 0.73 0.12 21.48 0.29 0 4.69 9.09 8.58 0 0 97.64 
10 52.31 0.54 0.63 0.13 21.28 0.31 0 4.82 9.33 8.72 0.01 0 98.09 
Table IV.S Atomic proportions for analyses listed in Table IV.4, calculated on the basis of23 oxygen. 
Si Ti AI Fe3 Fe2 Mn Mg Ca Na K Total 
8.014 0.051 0.156 0.000 2.773 0.034 1.038 1.456 2.668 0.002 16.192 
2 7.976 0.039 0.123 0.000 2.583 0.043 1.275 1.714 2.336 0.004 16.093 
3 7.955 0.081 0.115 0.000 2.675 0.030 1.171 1.619 2.519 0.000 16.165 
7 7.975 0.039 0.090 0.000 2.574 0.047 1.289 1.776 2.297 0.008 16.093 
8 8.006 0.068 0.116 0.000 2.701 0.037 1.146 1.519 2.546 0.002 16.142 
9 8.001 0.076 0.132 0.000 2.761 0.038 1.075 1.497 2.557 0.000 16.136 
10 8.002 0.070 0.114 0.000 2.722 0.040 1.099 1.529 2.586 0.002 16.165 
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Tables of publis hed radiometric dates and fossil localities in southeast Queensland V-i 
Table V.l Table of published and new radiometric age dates in southeast Queensland, that are older than 200Ma. 
Where neccessary, the dates were corrected using Dalrymples (1979) conversion tables. (*Australian Yard Grid 
coordinates as used by Murphy eta/., 1976; **Date quoted in Murphy eta/. (1976); ***Date quoted in 
Cranfield eta/. (1976)). 
Location Rock Unit Rock Type Mineral dated Method Age (Ma) Reference 
(AMG) 
226957 Anderson Ck Phyllite pelitic phyllite phengite Ar/Ar 298.7±1.1 Little et al. (in prep.) 
646762 Aranbanga Group rhyolite biotite KJAr 224±3 Stephens (1992) 
Boogooramunya granite hornblende KJAr 214±2 Cranfield and Murray (1989a) 
Granodiorite hornblende KJAr 226±2 
407458 Booloumba Beds qz-sericite schist muscovite KJAr 288±3.5 Casley (1993) 
260280 Boonara Granodiorite qz-microdiorite hornblende KJAr 233±3 Cranfield and Murray (1989a) 
467700* Boondooma Complex granodiorite biotite KJAr 222±7 Murphy et a/.(1976) 
465726* Boondooma Complex adamellite biotite Ar/Ar 237±10 Murphy et a/.(1976) 
biotite KJAr 239±7 
460745* Boondooma Complex granite biotite KJAr 245±5 Webb and McDougall (1968)** 
hornblende KJAr 244±5 
482668* Boondooma Complex granite biotite KJAr 249±7 Murphy et a/.(1976) 
485711* Boondooma Complex granite biotite KJAr 259 Webb and McDougall (1968)** 
total rock Rb/Sr 274±28 
486665* Boondooma Complex adamellite hornblende Ar/Ar 261±11 Murphy et a/. ( 197 6) 
552626* Brisbane Valley Porphyry hbl porphyry hornblende KJAr 223,224±5 Webb and McDougall (1968)"'** 
Broomfield Granite whole rock Rb/Sr 226±16 Cranfield and Murray (1989b) 
Calgoa Diorite biotite KJAr 234±2 Cranfield and Murray (1989a) 
Chowey Granite granite biotite KJAr 273±3 Cranfield and Murray (1989b) 
biotite KJAr 275±3 
hornblende KJAr 266±3 
246970 Claddagh contact aureole amphibolite hornblende Ar/Ar 306.9±1.2 Little eta/. (in prep.) 
220980 Claddagh Granodiorite granite muscovite Ar/Ar 287.4±2.8 Little eta/. (in prep.) 
K-feldspar Ar/Ar 289.4±0.6 
537738* Claddagh Granodiorite granodiorite biotite KJAr 298±8 Hayden (1971)"'* 
246966 Claddagh Granodiorite pegmatite hornblende Ar/Ar 306.5±0.6 Little eta/. (in prep.) 
514626* Craw's Nest Granodiorite adamellite biotite KJAr 239 Webb and McDougall (1968)*** 
biotite Rb/Sr 242 
521612* Craw's Nest Granodiorite adamellite biotite KJAr 242±8 Smith (1972)"'"'* 
599626* Dayborough Tonalite granodiorite biotite KJAr 238±7 Cranfield eta/. (1976) 
507826* Degilbo Granite granodiorite biotite KJAr 220±5 Ellis ( 1968) 
Degilbo Granite contact aureole hornblende KJAr 216 Cranfield and Murray (1989b) 
Degilbo Granite whole rock Rb/Sr 226±16 Cranfield and Murray (1989b) 
508642* Djuan Tonalite tonalite hornblende KJAr 235±8 Cranfield eta/. (1976) 
523744* dyke in Neara Volcanics hornblende diorite hornblende Ar/Ar 223±10 Irwin (1973)"'* 
523746* dyke in Neara Volcanics diorite whole rock KJAr 224±9 Irwin (1973)* * 
613593"' Enoggera Granite granite biotite KJAr 224 Evernden & Richards (1962)*"'* 
535625* Eskdale Granodiorite granodiorite hornblende KJAr 238 Webb and McDougall (1968)*** 
519629* Eskdale Granodiorite granodiorite hornblende KJAr 243±8 Cranfield eta/. (1976) 
biotite KJAr 248±7 
938519 G1 granite biotite KJAr 215±2 Stephens (1992) 
biotite KJAr 216±2 
052480 G2 granite biotite KJAr 230±3 Stephens (1992) 
832419 G5 granite biotite KJAr 228±3 Stephens (1992) 
biotite KJAr 229±2 
459654 Gallangowan Granodiorite granodiorite biotite KJAr 316±4 this study 
544716* Gallangowan Granodiorite granodiorite biotite KJAr 320±10 McNaughton (1973)*"' 
556717* Gallangowan Granodiorite granodiorite biotite KJAr 239±10 Murphy et a/.(1976) 
593760* Goomboorian Diorite diorite hornblende KJAr 234 Green and Webb (1974)"'* 
592766* Goomboorian Diorite diorite biotite K/Ar 235 Green and Webb (1974)*"' 
592765* Goomboorian Diorite diorite hornblende KJAr 240 Green and Webb (1974)"'* 
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Table V.l (cont.) Table of published and new radiometric age dates in southeast Queensland, that are older than 
200Ma. Where neccessary, the dates were corrected using Dalrymples (1979) conversion tables. (*Australian 
Yard Grid coordinates as used by Murphy et al., 1976; **Date quoted in Murphy et al. (1976); ***Date quoted 
in Cranfield et al. (1976)). 
Location Rock Unit Rock Type Mineral dated Method Age (Ma) Reference 
(AMG) 
Hogback Granite granite biotite KJAr 228±4 Cranfield and Murray ( 1989a) 
474883* Hogback Tonalite tonalite biotite KJAr 225±5 Ellis (1968) 
hornblende KJAr 220±5 
664853 Hornblende diorite dyke hornblende Ar/Ar 281±11 Murphy eta/. (1987) 
whole rock Rb/Sr 282±20 
571712 intrusion - Bella Ck granodiorite biotite KJAr 242±10 Murphy et a/.(1976) 
hornblende KJAr 251±10 
559732* intrusion - Mary Ck diorite biotite Ar/Ar 223±7 Horton (1972)** 
558730* intrusion - Mary Ck diorite biotite Ar/Ar 231±8 Horton (1972)** 
559728* intrusion - Mary Ck diorite biotite Ar/Ar 247±18 Horton (1972)** 
hornblende Ar/Ar 246±8 
559728* intrusion - Mary Ck adamellite biotite Ar/Ar 217±7 Horton (1972) .. 
hornblende Ar/Ar 226±7 
548705* Kingaham Ck Granodiorite granite biotite KJAr 220 Webb and McDougall (1967)** 
547706* Kingaham Ck Granodiorite granite biotite KJAr 221 Webb and McDougall (1967)** 
556703* Kingaham Ck Granodiorite granodiorite biotite KJAr 239±7 McNaughton (1973)** 
547710* Kingaham Ck Granodiorite granodiorite biotite KJAr 242±10 Murphy et a/.(1976) 
433531 Marumba Beds andesite boulder whole rock KJAr 249±3 this study 
437561 Marumba Beds grdr boulder amphibole KJAr 318±4 this study 
Mingo Granite biotite KJAr 261±2 Cranfield and Murray (1989a) 
536603* Monsidale Granodiorite granodiorite biotitie KJAr 253±10 Murphy eta/. (1976) 
400450 Monsildale Granodiorite granodiorite amphibole KJAr 232±3 this study 
404490 Monsildale Granodiorite granodiorite amphibole KJAr 253±3 this study 
Monsildale Granodiorite diorite hornblende KJAr 234±3 Kwiecen (pers. comm., 1994) 
685135 Mt Byron Volcanics whole rock KJAr 227 Grenfell in Murphy eta/. (1987) 
679104 Mt Byron Volcanics whole rock KJAr 228±3 Murphy eta/. (1987) 
306849 Mt Mia Serpentinite blueschist block phengite Ar/Ar 298.7±0.6 Little eta/. (in prep.) 
303863 Mt Mia Serpentinite blueschist block phengite Ar/Ar 297.3±0.7 Little eta/. (in prep.) 
282877 Mt Mia Serpentinite blueschist block phengite Ar/Ar 297.9±0.4 Little et at. (in prep.) 
414886 Mt Mia Serpentinite blueschist block phengite Ar/Ar 295.6±0.5 Little eta/. (in prep.) 
299861 Mt Mia Serpentinite blueschist block phengite Ar/Ar 297.6±0.8 Little eta/. (in prep.) 
921408 Mt Mia Serpentinite blueschist block phengite Ar/Ar 293.7±0.8 Little eta/. (in prep.) 
461864* Mt Perry Complex granodiorite biotite KJAr 254±5 Ellis (1968) 
599609* Mt Samson Granodiorite granodiorite biotie KJAr 222±5 Webb and McDougall (1967)*** 
067618 Mt Walsh granite granite biotite KJAr 175±2 Stephens (1992) 
biotite KJAr 172±2 
biotite KJAr 17I±2 
512451* Mungore Complex biotite KJAr 212±5 Ellis ( 1968) 
Mungore Complex biotite KJAr 219 Cranfield and Murray (1989b) 
Mungore Complex whole rock Rb/Sr 226±16 Cranfield and Murray (1989b) 
555821* Musket Flat Granodiorite biotite KJAr 222±5 Ellis ( 1968) 
Musket Flat Granodiorite whole rock Rb/Sr 226±16 Cranfield and Murray (1989b) 
524745* Neara Volcanics andesite hornblende Ar/Ar 241±11 Irwin (I973).,.. 
529740* Neara Volcanics andesite total rock KJAr 242±8 Irwin (I973)** 
588766* Neurum Tonalite tonalite biotite KJAr 228±2 Webb and McDougall (1967)** 
New Moonta Diorite diorite biotite KJAr 232±4 Cranfield and Murray (1989a) 
99263I North Arm Volcanics dacitic tuff whole rock KJAr 2I7±2 Ashley and Shaw (I993) 
609658* North Arm Volcanics(?) dacite total rock KJAr 213±7 Green and Webb (1974)** 
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Table V.l (cont.) Table of published and new radiometric age dates in southeast Queensland, that are older than 
200Ma. Where neccessary, the dates were corrected using Dalrymples (1979) conversion tables. (* Australian 
Yard Grid coordinates as used by Murphy et a/., 1976; **Date quoted in Murphy et a/. (1976); ***Date quoted 
in Cranfield et a/. ( 197 6) ). 
Location Rock Unit Rock Type Mineral dated Method Age (Ma) Reference 
(AMG) 
Nour Nour Granodiorite granodiorite biotite K/Ar 238±3 Cranfield and Murray (1989a) 
hornblende K/Ar 235±3 
782031 Rocksberg Greenstone glaucophane Ar/Ar 229±46 Murphy eta/. (1987) 
muscovite Ar/Ar 265±10 
muscovite Ar/Ar 265±10 
755069 Rocksberg Greenstone muscovite K/Ar 249 Green and Webb (1974)** 
glaucophane K/Ar 254 
755075 Rocksberg Greenstone glaucophane Ar/Ar 259±12 Murphy eta/. (1987) 
muscovite Ar/Ar 251±8 
768033 Rocksberg Greenstone glaucophane Ar/Ar 259±46 Murphy eta/. (1987) 
muscovite Ar/Ar 260±11 
746026 Rocksberg Greenstone muscovite Ar/Ar 263±9 Murphy eta/. (1987) 
753088 Rocksberg Greenstone muscovite Ar/Ar 264±11 Murphy eta/. (1987) 
glaucophane Ar/Ar 270±71 
719017 Rocksberg Greenstone glaucophane Ar/Ar 286±75 Murphy eta/. (1987) 
254937 Rocksberg Greenstone mafic schist phengite Ar/Ar 296.0±0.7 Little eta/. (in prep.) 
Rocksberg Greenstone mafic schist phengite Ar/Ar 261.6±0.6 Little eta/. (in prep.) 
Rocksberg Greenstone pelitic schist phengite Ar/Ar 260.5±0.6 Little eta/. (in prep.) 
Rocksberg Greenstone mafic schist phengite Ar/Ar 257.9±0.8 Little eta/. (in prep.) 
595602* Samford Granodiorite granodiorite biotite K/Ar 226±7 Cranfield eta!. (1976) 
hornblende K/Ar 227±8 
547999 Somerset Dam Igneous plagioclase K/Ar 212, Webb and McDougall, 1967, in 
Complex 213 Murphy eta/., 1987 
545010 Somerset Dam Igneous hornblende gabbro hornblende K/Ar 218, Webb and McDougall (1968) in 
Complex 220±5 Murphy et al., 1987 
563758* Station Ck Adamellite granodiorite biotite K/Ar 231 Webb and McDougall (1967)** 
547743* Station Ck Adamellite adamellite biotite K/Ar 236±7 Brooks eta/. (1974)** 
539743* Station Ck Adamellite porphyry biotite K/Ar 238±7 Murphy et a/.(1916) 
425138 Station Creek Adamellite hornfels amphibole K/Ar 227±3 Edgar (1992) 
510682* Taromeo Tonalite adamellite biotite K/Ar 241 Webb and McDougall (1968)** 
hornblende K/Ar 250 
512676* Taromeo Tonalite tonalite biotite K/Ar 243 Webb and McDougall (1968)** 
503686* Taromeo Tonalite adamellite hornblende Ar/Ar 264±21 Murphy eta/. (1976) 
biotite Ar/Ar 248±8 
biotite K/Ar 226±7 
513854* Tawah Granodiorite granodiorite biotite K/Ar 220±5 Ellis (1968) 
Tenningering Granodiorite granodiorite muscovite K/Ar 256±4 Cranfield and Murray (1989a) 
252906 Trv andesitic volcanic hornblende Ar/Ar 228.4±0.6 Little eta/. (in prep.) 
417771 Trv andesite whole rock K/Ar 229±4 this study 
279107 Trv andesite whole rock K/Ar 230±3 Roberts (1992) 
419767 Trv andesite whole rock K/Ar 240±3 this study 
566691* Tungi Ck Granodiorite granodiorite biotite K/Ar 226±6 Murphy et a/.(1976) 
537736* undiff Pal (Stony Ck) schist muscovite K/Ar 287±8 Hayden(1971)** 
537740* undiff Pal (Stony Ck) amphibolite biotite K/Ar 290±8 Hayden(l971 )** 
537740* undiffPal (Stony Ck) amphibolite hornblende K/Ar 295±10 Hayden(1971)** 
552732* undiffPal (Widgee Ck) schist glaucophane Ar/Ar 250±61 Vaughan (1972)** 
534736* undiff Pal (Widgee Ck) schist muscovite K/Ar 314±9 Vaughan (1972)** 
768777 Wetheron Basalt basalt plagioclase K/Ar 221±6 Stephens (1992) 
Stuart Wigton Adamellite biotite K/Ar 245±5 Ellis ( 1968) 
River hornblende K/Ar 244±5 
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Table V.l (cont.) Table of published and new radiometric age dates in southeast Queensland, that are older than 
200Ma. Where neccessary, the dates were corrected using Dalrymples (1979) conversion tables. (*Australian 
Yard Grid coordinates as used by Murphy eta/., 1976; **Date quoted in Murphy eta/. (1976); ***Date quoted 
in Cranfield eta/. (1976)). 
Location Rock Unit Rock Type Mineral dated Method Age (Ma) Reference 
(AMG) 
475748* Wigton Adamellite granite biotite K/Ar 250 Webb and McDougall (1968)** 
total rock Rb/Sr 274±28 
478786* Wigton Adamellite adamellite biotite K/Ar 256±5 Ellis ( 1968) 
Wolca Granite biotite K/Ar 261±4 Cranfield and Murray (1989a) 
Wolca Granite biotite K/Ar 254 Cranfield and Murray (1989b) 
Wolca Granite whole rock Rb/Sr 282±20 Cranfield and Murray (1989b) 
Wonbah Granodiorite molybdenite Re/Os 210±40 Cranfield and Murray (1989a) 
whole rock Rb/Sr 226±16 
513646* Woolshed Mtn Granodiorite granodiorite biotite K/Ar 259±8 Cranfield eta/. (1976) 
597742* Woondum Granite granodiorite biotite K/Ar 226 Webb and McDougall (1967)** 
hornblende K/Ar 223 
489622 Yabba Creek granodiorite granodiorite amphibole K/Ar 317±3 this study 
amphibole Ar/Ar 302±4 
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Table V.2 Table of published pre-Jurassic fossil localities. (*denotes Australian Yard Grid coordinates as 
quoted by Murphy et a/., 1976; other coordinates are quoted in AMG) 
Rock Unit Location Fossils Age Reference 
Amamoor Beds 63808430 radiolaria L Toumaisian - E Visean Ishiga (1990), 
Fifoot (1993) 
Amamoor Beds 54809200 radiolaria L Famenian- Ishiga (1990), 
M Toumaisian Fifoot ( 1993) 
Amamoor Beds 77107120 radiolaria Late Dev - Early Carb Ishiga ( 1990) 
Amamoor Beds 67208040 radiolaria Early Carboniferous Ishiga ( 1990) 
Aranbanga Volcanics Aranbanga Homestead plants Triassic(?) Ellis ( 1968) 
Biggenden Beds near B iggenden (2 localities) bivalves Permian Ellis (1968) 
Broweena Formation Middle Ck bivalves Late Triassic(?) Ellis (1968) 
Broweena Formation Oaky Ck bivalves Late Triassic(?) Ellis ( 1968) 
Broweena Formation Pine/Spring Ck (2 localities) plants M - L Triassic Ellis ( 1968) 
Cambroon Beds 683528* bivalves Early Permian Murray eta/ ( 1979) 
bryozoans 
crinoids 
Cambroon Beds 63205520 radiolaria Permian Ishiga (1990) 
Cambroon Beds 6km SW of Kenilworth bivalves Permian Murray eta/. (1979) 
Cedarton Volcanics near Peachester bivalves Permian(?) Murray eta/. (1979) 
Cressbrook Ck Beds not specified bivalves Middle Permian Cranfield eta/. (1976) 
Cressbrook Creek Group marine Late Permian Briggs (1993) 
invertebrates 
Esk Formation 524677* insects Early Triassic Murphy eta/. (1976) 
Esk Formation 4 localities near Manyung plants Triassic Murphy eta/. (1976) 
Esk Formation lower Cooyar Ck plants Triassic Murphy eta/. (1976) 
Esk Formation Linville area plants Triassic Murphy et al. (1976) 
Gayndah Beds 5km downstream of Gayndah plants Triassic Ellis (1968) 
Keefton Formation 595713* plants E - M Triassic Murphy eta/. (1976) 
Kin Kin Beds railway cutting near Woondum ammonoids Early Triassic Murphy eta/. (1976) 
Marburg Formation 615671* plants Late Tr - Early Jur Murphy eta/. (1976) 
Marburg Formation 628672* plants Late Tri - Early Jur Murphy eta/. (1976) 
Myrtle Ck Sandstone 609728* plants Late Triassic Murphy eta/. (1976) 
Myrtle Ck Sandstone 609719* plants Late Triassic Murphy eta/. (1976) 
Neara Volcanics 494763* plants Triassic Murphy et al. (1976) 
Neara Volcanics 492752* plants Triassic Murphy eta/. (1976) 
Neara Volcanics 532680* plants Triassic Murphy eta/. ( 1976) 
Neara Volcanics Moonarumbi Ck area plants Triassic Murphy eta/. (1976) 
Neranleigh-Femvale Beds near MtNebo bivalves Middle Dev - Carb Fleming eta/. (1974) 
Neranleigh-Femvale Beds Lake Manchester, Femvale radiolaria mid-Toumaisean Aitchison (1988) 
Pine Mountain 
North Arm Volcanics 500m west ofNambour plants Late Triassic Murphy eta/. (1976) 
North Arm Volcanics 4km WNW of North Arm plants Late Triassic Murphy eta/. (1976) 
North Arm Volcanics 500m east ofNambour palynomorph Late Triassic Murphy eta/. (1976) 
Northbrook Beds trace fossils, Late Permian Fielding in Sliwa et 
marine a/.(1993) 
invertebrates 
Northbrook Beds not specified bivalves Middle Permian Cranfield eta/. (1976) 
Tarong Basin 6km SW ofYarrarnan plants Late Triassic Murphy eta/. (1976) 
Tarong Basin 11km west ofNanango plants Late Tr- Early Jur Murphy eta/. ( 1976) 
Tarong Basin 4km south of Kingaroy plants Late Triassic Murphy eta/. (1976) 
Woogaroo Subgroup 601504* plants Late Triassic Murphy eta/. (1976) 

APPENDIX VI 
COLLECTION OF ROCK SPECIMENS 
HELD BY THE DEPT OF EARTH 
SCIENCES, UNIVERSITY OF QLD 

Collection of rock specimen held by the Dept of Earth Sciences. University ofQ/d VI-1 
Table VI.l Collection of rock specimens held by the Department of Earth Sciences, University of Queensland. 
(TS - thinsection, PS - polished section, HS - handspecimen, PB - polished block) 
Museum Sample Rock Type AMG AMG Location Rock TS PS HS PB 
No. 
50460 
50461 
50462 
50463 
50464 
50465 
50466 
50467 
50468 
50469 
50470 
50471 
50472 
50473 
50474 
50475 
50476 
50477 
50478 
50479 
50480 
50481 
50482 
50483 
50484 
50485 
50486 
50487 
50488 
50489 
50490 
50491 
50492 
50493 
50494 
50495 
50496 
50497 
50498 
50499 
50500 
50501 
50502 
50503 
50504 
50505 
50506 
50507 
50508 
50509 
50510 
No. 
RS073 
RS074 
RS081 
RS082 
RS083 
RS085 
RS092 
RS096 
RSIOO 
RS105 
RS106 
RSI08 
RSI18 
RS122 
RS123 
RSI25 
RS130 
RS131 
RS132 
RSI33 
RS134 
RS137 
RS143 
RS149 
RS153 
RS154 
RS157 
RS158 
RS159 
RS160 
RS162 
RS166 
RS169 
RS174 
RS175 
RS176 
RS177 
RS179 
RS184 
RS193 
RS196 
RS199 
RS200 
RS201 
RS205 
RS206 
RS207 
RS209 
RS210 
RS211 
RS213 
greenstone 
greenstone 
greenstone 
amphibolite 
amphibolite 
greenstone 
mafic dyke 
greenstone 
greenstone 
phyllite 
greenstone 
phyllite 
greenstone 
greenstone 
greenstone 
phyllite 
phyllite 
greenstone 
amphibolite 
conglomerate 
greenstone 
greenstone 
greenstone 
granodiorite 
volcaniclastic 
Vole block 
andesitic tuff 
alt andesite 
breccia-block 
serpentinite 
greenstone 
basalt 
basalt 
basalt 
basalt dyke 
slate 
basalt 
qz-porphry 
rhyolite 
fol clastic 
radio! chert 
serpentinite 
serpentinite 
alt andesite 
greenstone 
greenstone 
greenstone 
andesite 
andestic tuff 
volcanic 
chloritic grdr 
Easting 
4512.78 
4570.90 
4529.66 
4531.89 
4534.67 
4607.37 
4324.51 
4457.26 
4499.98 
4474.01 
4514.11 
4589.39 
4473.12 
4590.29 
4587.10 
4608.74 
4611.39 
4598.43 
4643.25 
4454.22 
4534.89 
4610.85 
4608.39 
4428.53 
4611.26 
4446.02 
4440.34 
4450.91 
4450.91 
4455.38 
4614.73 
4615.68 
4613.72 
4613.25 
4610.15 
4652.40 
4632.98 
4448.36 
4447.24 
4652.40 
4615.24 
4450.86 
4450.86 
4439.15 
4436.42 
4435.22 
4433.12 
4430.84 
4446.65 
4430.65 
4435.28 
Northing 
70489.49 
70396.53 
70458.13 
70459.44 
70457.37 
70486.33 
70758.44 
70523.01 
70470.02 
70401.18 
70292.11 
70248.23 
70510.49 
70540.25 
70548.22 
70533.10 
70534.75 
70534.40 
70431.01 
70523.84 
70439.72 
70518.51 
70516.80 
70772.72 
70568.06 
70766.07 
70765.34 
70772.05 
70772.05 
70771.91 
70559.09 
70560.89 
70565.69 
70573.96 
70573.14 
70557.08 
70552.94 
70771.75 
70771.45 
70557.08 
70572.57 
70751.15 
70751.15 
70748.13 
70756.64 
70756.38 
70756.81 
70757.58 
70761.40 
70765.82 
70763.87 
Yielo Road 
gravel pit, Mt Kilcoy Road 
Sunday Creek Road 
Sunday Creek road 
Sunday Creek Road 
Peters Crossing 
Gallangowan-Jimna Road 
Peachtrees Road 
Sunday Creek Road 
Kilcoy-Jimna Road 
Kilcoy-Jimna Road 
Mt Kilcoy Road 
Jimna Logging Area 
Summer Creek Roads 
Summer Creek Roads 
Summer Creek near floodway 
Summer Creek 
Summer Creek Roads 
Grigors Road 
Donkey Falls Road 
Cockalorum Creek 
Summer Creek 
Summer Creek 
Kandanga Creek 
Little Yabba Creek 
Kandanga Creek 
Kandanga Creek 
Kandanga Creek 
Kandanga Creek 
Kandanga Creek 
Summer Creek 
Summer Creek 
Summer Creek 
Little Yabba Creek 
Little Yabba Creek 
Charlie Moorland 
lookout on Sunday Creek road 
Kandanga Creek 
Kandanga Side Creek 
Charlie Moorland 
Little Yabba Creek 
gravel scrape 
gravel scrape 
Camp Road 
Cattle Creek 
Cattle Creek 
Cattle Creek 
Cattle Creek 
Fencing Track 
Fencing Track 
Kadanga Creek 
Unit 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzpg 
Trv 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzjp 
Pzpg 
Pzpg 
Pzbb 
Pzbb 
Pzpg 
Pzpg 
Pmb 
Pzjp 
Pzpg 
Pzpg 
Cgg 
Pzpg 
Pkm 
Trv 
Trv 
Pkm 
Pzs 
Pzpg 
Pzbb 
Pzbb 
Pzbb 
Pcb 
Pcb 
Pcb 
Trv 
Trv 
Pcb 
Pcb 
Pzs 
Pzs 
Trv 
Pzgr 
Pzgr 
Pzgr 
Trv 
Trv 
Trv 
Cgg 
2 
2 
I 
2 
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Table YI.l (cont.) Collection of rock specimens held by the Department of Earth Sciences, University of 
Queensland. (TS - thinsection, PS - polished section, HS - handspecimen, PB - polished block) 
Museum Sample Rock Type AMG AMG Location Rock TS PS HS PB 
No. 
50511 
50512 
50513 
50514 
50515 
50516 
50517 
50518 
50519 
50520 
50521 
50522 
50523 
50524 
50525 
50526 
50527 
50528 
50529 
50530 
50531 
50532 
50533 
50534 
50535 
50536 
50537 
50538 
50539 
50540 
50541 
50542 
50543 
50544 
50545 
50546 
50547 
50548 
50549 
50550 
50551 
50552 
50553 
50554 
50555 
50556 
50557 
50558 
50559 
50560 
50561 
No. 
RS218 
RS220 
RS221 
RS222 
RS223 
RS236 
RS238 
RS239 
RS240 
RS244 
RS248 
RS251 
RS264 
RS271 
RS295 
RS298 
RS301 
RS303 
RS306 
RS307 
RS308 
RS312 
RS313 
RS314 
RS316 
RS317 
RS318 
RS320 
RS323 
RS327 
RS329 
RS331 
RS332 
RS334 
RS335 
RS336 
RS337 
RS338 
RS339 
RS340 
RS341 
RS342 
RS343 
RS345 
RS347 
phyllite 
biotite granite 
chi granite 
granodiorite 
phyllite 
volcanic 
mica schist 
granodiorite 
volcanic 
granodiorite 
andesite 
andesite 
diamictite 
greenstone 
volcanic 
quartz-diorite 
serp breccia 
quartz-diorite 
biotite granite 
greenstone 
leuco-granite 
and boulder 
granite boulder 
rhyo boulder 
and boulder 
granite boulder 
andesite 
intrusive 
quartz-diorite 
marble 
mylonite 
mylonite 
chloritic grdr 
biotite granite 
volcanic 
volcanic 
chloritic grdr 
chloritic grdr 
biotite granite 
dolerite dyke 
biotite granite 
dolerite dyke 
chloritic grdr 
grdr boulder 
ep volcanic 
RS348 ep volcanic 
RS349 ep volcanic 
RS350 andesite 
RS351 ep volcanic 
RS3 52 ep volcanic 
RS353 ep volcanic 
Easting 
4441.06 
4429.11 
4429.11 
4427.14 
4445.48 
4459.05 
4463.12 
4464.05 
4472.10 
4669.38 
4668.37 
4681.40 
4646.79 
4512.70 
4325.82 
4480.89 
4473.10 
4469.99 
4464.05 
4473.13 
4473.13 
4437.22 
4437.22 
4437.22 
4433.77 
4433.77 
4433.77 
4402.68 
4489.28 
4487.89 
4438.02 
4437.44 
4435.82 
4480.87 
4443.78 
4444.03 
4444.03 
4445.74 
4458.58 
4458.58 
4458.58 
4460.76 
4463.23 
4437.22 
4415.37 
Northing 
70733.38 Cattle Creek Road 
70758.43 Cattle Creek 
70758.43 Cattle Creek 
70756.94 Cattle Creek 
70827.02 hill-top road 
70635.28 Yabba Creek 
70625.23 Yabba Creek 
70624.80 
70623.79 
70372.92 
70314.76 
70286.75 
70523.29 
70608.90 
70535.83 
70636.24 
70692.27 
70624.69 
70624.80 
70621.48 
70621.48 
70530.97 
70530.97 
70530.97 
70531.12 
70531.12 
70531.12 
70490.15 
70622.31 
70678.27 
70694.27 
70694.93 
70694.86 
70594.23 
70650.77 
70655.15 
70655.15 
70655.62 
Yabba Creek 
YabbaCreek 
Bellthorpe Road 
Bellthorpe Road 
Bellthorpe Road 
Booloumba Creek 
Sandy Creek 
Squirrel Creek area 
Kingaham Road 
Mudjimba area 
Yabba Creek 
Yabba Creek 
YabbaCreek 
Yabba Creek 
Scotchman Gully 
Scotchman Gully 
Scotchman Gully 
Irishman Gully 
Irishman Gully 
Irishman Gully 
Monsildale Road 
YabbaCreek 
near Kingaham Creek 
Mudjimba Creek 
Mudjimba Creek 
Mudjimba Creek 
near Borgan Road 
Kingaham Creek 
Kingaham Creek 
Kingaham Creek 
Kingaham Creek 
70654.43 Kingaham Creek 
70654.43 Kingaham Creek 
70654.43 Kingaham Creek 
70657.88 Kingaham Creek 
70662.05 Kingaham Creek 
70530.97 Scotchman Gully 
70770.28 Kandanga Creek 
4416.02 70771.07 Kandanga Creek 
4416.02 70771.07 Kandanga Creek 
4417.02 70771.41 Kandanga Creek 
4417.02 70771.41 KandangaCreek 
4417.02 70771.41 Kandanga Creek 
4417.02 70771.41 KandangaCreek 
Unit 
Pzab 
Cgg 
Trkg 
Pzap 
Pzab 
Caa 
t>t> 
Pzab 
Tmt 
Trba 
Trba 
Pcb 
Pzgr 
Trv 
Cyg 
Pzs 
Cyg 
Cgg 
Pzgr 
Cgg 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Pmb 
Trmg 
Cgg 
Pzs 
Pzgr 
Pzgr 
Cgg 
Cgg 
Pzab 
Pzab 
Cgg 
Cgg 
Cgg 
PTrd 
Cgg 
PTrd 
Cgg 
Pmb 
Trv 
Trv 
Trv 
Trv 
Trv 
Trv 
Trv 
I 
2 
1 
2 
2 
Collection of rock specimen held by the Dept of Earth Sciences, University of Qld V/-3 
Table VI.l (cont.) Collection of rock specimens held by the Department of Earth Sciences, University of 
Queensland. (TS - thinsection, PS - polished section, HS - handspecimen, PB - polished block) 
Museum Sample Rock Type AMG AMG Location Rock TS PS HS PB 
No. No. Easting Northing Unit 
50562 RS356 granodiorite 4398.98 70717.84 Kandanga Road Trkg 
50563 RS358 granodiorite 4354.18 70593.56 Kimbala Trkig 
50564 RS359 granodiorite 4353.35 70584.79 Kimbala Trkig 
50565 RS360 granodiorite 4358.81 70571.55 Kimbala Trkig 
50566 RS361 andesite 4418.86 70766.53 hill above Kandanga Creek Trv 
50567 RS362 granodiorite 4416.45 70739.20 Kandanga Road Trkg 
50568 RS363 granodiorite 4399.90 70449.62 Monsildale Road Trmg 
50569 RS367 volcanic 4330.04 70667.54 Cowwah Pmb 
50570 RS368 volcanic 4318.16 70674.67 Cowwah Pmb 
50571 RS369 volcanic 4329.87 70650.98 Cowwah Pmb 
50572 RS370 grdr boulder 4407.19 70763.42 upper Kandanga Creek Pmb 
50573 RS371 vole boulder 4407.19 70763.42 upper Kandanga Creek Pmb 
50574 RS373 granodiorite 4406.95 70492.76 Monsildale Road Trmg 
50575 RS374 quartz-diorite 4489.28 70622.31 YabbaCreek Cyg 
50576 RS375 quartz-diorite 4489.28 70622.31 Yabba Creek Cyg 
50577 RS376 granodiorite 4486.04 70545.48 Jimna Logging Area Trtg 
50578 RS431 granodiorite 4403.87 70489.70 Monsildale Road Trmg 
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